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Executive Summary
This report documents breeding numbers, reproductive success, and foraging
dispersion of long-legged wading birds in the Water Conservation Areas (WCAs) of the
Everglades during the first six months of 1993. Briefly, the 1993 spring had abnormally
high water and windy conditions throughout the season, and produced poor nesting effort,
low to moderate nesting success, and low production of young. Some species, like Wood
Storks and White Ibises, did not nest at all in the WCAs. Others, like Great Egrets and
Tricolored Herons, showed considerably tenacity under the extremely poor nesting
conditions. The 1993 season provided a rare chance to record the reproductive responses of
wading birds during sustained high water conditions.
Extremely high water conditions prevailed througout the entire nesting season, with
frequent reversals in a weak drying trend, and much windier conditions than normal. This
resulted in very few birds using the Water Conservation Areas for foraging or for nesting
(7,459 nests of all species in the Water Conservation Areas, and the lowest peak winter
numbers ever recorded on the SRF surveys). No Wood Storks, Glossy Ibises, or White
Ibises were recorded nesting in the study area in 1993, and numbers of all other species were
down considerably, both by comparison with 1992, and by comparison with all but the worst
drought years in the past.
No effects of Hurricane Andrew were distinguishable on foraging dispersion, nesting
effort, nesting location, or nesting success, either because they did not exist or because they
would have been completely masked by the effects of very high water conditions.
Success of nesting by those species which did nest was mediocre in 1993, with
markedly late initiation of Great Egrets and Great Blue Herons (April), and very poor nesting
success by Snowy Egrets and Black-crowned Night Herons. In addition, an analysis of
hatchability suggests that embryonic death is relatively high (5 - 20% of eggs) in the
Everglades. Great Egret hatchability was decreased in 1993 by comparison with other years.
The causes of embryonic death could be due to a number of causes, including poor
attendance, impaired nesting behavior, or the accumulation of mercury or other
contaminants.
Foraging in 1993 was generally characterized by birds in WCA colonies flying
outside of the WCAs into shorter hydroperiod wetlands in order to forage. Relatively large
numbers of exotic fishes were seen in regurgitation samples of nestling Great Egrets (32% of
biomass, found in over 58% of samples), and several new range records were documented
for exotic fish species in 1993.
Infection with the nematode parasite Eustron~ylides i~notus was found in 38% of 55
Great Egret chicks examined; this is high compared with previous estimates of 12% in 1987-
90 for the freshwater Everglades, and is similar to the infection rate reported during
epizootic conditions at the West Palm Beach Solid Waste Authority (37%). It seems likely
that foraging sites available to birds in 1993 had one or more foci of infected fish, and this
high prevalence should be monitored in future years.
Foraging behavior was documented for Great and Snowy Egrets, Tricolored Herons,
White Ibises and Wood Storks. During 1993, Great Egrets showed a relatively slow striking
rate, intermediate capture rates, and very high variation among individuals and sites.
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Compared with other studies, Snowy Egrets had low striking rates, low capture rates, and
poor strike success in 1993. Similarly, Tricolored Herons struck more frequently but
captured less than in other studies. Wood Storks and White Ibises probed more rapidly and
in general captured less than in comparable studies. These results suggest that prey were
relatively unavailable at most sites in 1993. In addition, the species which had the poorest
reproductive effort and success (Snowy Egrets, White Ibises, and Wood Storks) also showed
the greatest reduction in foraging effectiveness, suggesting that these reproductive responses
were directly linked with the inability to aquire enough food. With increased sample sizes in
the future, the foraging behavior studies should allow an analysis of the vegetative, social,
water and weather conditions that are associated with high food intake rates in a number of
species.
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Introduction
The Everglades of southern Florida has historically supported very large populations
of wading birds (herons, egrets, ibises, storks and spoonbills, order Ciconiiformes),
numbering in the hundreds of thousands of pairs in some years (Robertson and Kushlan
1974, Ogden in press). While there was typically large variability in numbers nesting from
year to year in the pre-drainage period, a core population of at least one hundred thousand
pairs seems to have been typical of the Everglades ecosystem from 1930-1948 (Kushlan et al.
1984, Ogden in press). Since that time, nesting wading bird populations have declined to
less than 5 % of their former numbers, nesting success of storks has been drastically reduced,
the timing of nesting has been shifted by as much as two or three months into the spring, and
the location of most nesting has shifted from the estuarine areas of Everglades National Park
to Water Conservation Areas (WCAs) one and three (Frederick and Collopy 1988, Bancroft
1989, Frederick and Spalding in press, Ogden in press).
These dramatic changes in breeding dynamics and numbers have been accompanied
by an intensive period of manmade hydrological changes (Gunderson and Loftus in press).
In the space of approximately 30 years, large portions of the freshwater marsh were diked
and impounded, the majority of the northern freshwater marshes were drained and
agriculturalized, and surface water flows came directly under the control of human
management. This resulted in an outright loss of 30% of the marsh surface (Browder 1978),
a drastic cutoff of freshwater flows to the highly productive estuarine zone of Everglades
National Park (Walters et al. 1992), and the loss of the majority of short-hydroperiod
marshes in the system (Ogden in press).
The reduction of wading birds in the ecosystem has become the single most often-
cited indicator of environmental degradation, and as such the restoration of wading bird
breeding populations has become both a political line in the sand, as well as an explicit
ecological goal (Walters et al. 1992). There are other reasons for concentrating considerable
effort on the monitoring and restoration of breeding wading birds. Since these species are at
or near the top of the food chain, they can act as indicators of the health and diversity of the
aquatic food web, and of contaminants in the ecosystem. The between-species differences in
foraging ecology also ensure that a full range of responses to any environmental change will
be evident in the breeding dynamics of the group of species. The Everglades is unique in
having an exceptionally long history of information on populations of wading birds (nearly
100 years). This allows insight into the population dynamics during the pre-drainage system,
which is central to understanding current ecosystem responses, and to divining a path for
restoration (Ogden in press). Given their relatively large numbers in the ecosystem, their
unique ability to sample large amounts of area, and the relative ease of censusing these
conspicuous species, wading birds are a relatively cheap and efficient way to monitor the
wetlands in the enormous south Florida landscape. Thus wading birds are both a goal for
restoration in and of themselves, and a cheap and efficient tool for long and short-term
monitoring of restoration efforts.
Unlike many declining avian species, wading birds tend to be generalized feeders, and
show adaptations for exploiting a wide variety of feeding, nesting and roosting habitat
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(Kushlan 1986). In addition, their obligate association with extremely dynamic wetland
habitats includes abilities to locate and exploit rich patches of prey which are highly
unpredictable in space and time. These adaptations include group-foraging, conspicuous
plumage, colonial nesting, and the ability to drastically vary the timing and location of
breeding in response to environmental changes. In this sense, these species are opportunists,
and their adaptability suggests that large populations might thrive in the Everglades, with
some modification of the current highly compartmentalized and degraded ecosystem. A key
to achieving this goal is to understand exactly why the current ecosystem is so inappropriate
for breeding wading birds.
A brief review of the available information on wading birds is necessary to put the
current work in perspective. The reproductive behavior, food habits, nesting habitat
requirements, foraging behavior, and some demographic parameters are well known for most
of the numerically dominant species. These latter birds are the Wood Stork (Mycteria
americana), White Ibis &udocimus allnW., Great Blue Heron (Ardea herodias), Great Egret
(Casmerodius albus), Tricolored Heron (El:retta tricolor), Snowy Egret reo thY.li), and Little
Blue Heron (E.. caerulea). The record of population monitoring is both lengthy and rich,
and has been summarized in detail by Kushlan et al. (1984), and Ogden (1978, and in press).
These records shqw clearly that many of the heron and egret species went through a severe
decline during the plume-hunting period from 1875 to 1910, after which many populations
(Reddish Egret Egretta rufescens excepted) rebounded quite rapidly by the 1930's. An
obvious conclusion from this record is that once constraints on reproduction are removed,
many of the species seem able to increase rapidly and, in a healthy Everglades environment,
can be sustained in very large numbers.
During the 1930's and 1940's, the emerging picture is one of high variability in
annual nesting numbers, but a population of at least 100,000 pairs that bred with some
regularity (Kushlan et al. 1984, Ogden 1978, in press).. The largest colonies were located in
the mangrove zone along the coast of what is now Everglades National Park. In addition,
substantial summer breeding by several species, and large summer roosting populations of
White Ibis were a regular feature of this period. Careful analysis of breeding and
hydrological records during this period suggests that larger aggregations bred in wetter years,
and that the size and success of breeding had only a weak association with the rapidity of
drying of the interior marsh surface (Ogden in press). In fact, the impression is that
breeding occurred not so much under different conditions, as under a much wider range of
conditions. Another consistent feature was that Wood Storks were typically recorded
initiating breeding during the late fall (November - December).
The period of the 1950's and early 1960's was one of very sporadic and often
incomplete surveys. At some point during this period, Wood Storks began to decline (there
is some disagreement as to the timing, see Ogden in press), and White Ibises began showing
up in South Carolina and Georgia in more than token numbers (White Ibis were first
recorded breeding in South Carolina in 1922, Sprunt 1922). By the late 1970's, colonies of
White Ibises in the Carolinas had grown to over 50,000 birds annually, and Wood Storks had
increased breeding numbers and numbers of colonies in north Florida, and expanded their
breeding range into Georgia and South Carolina. These movements are most parsimoniously
interpreted as an exodus of southern Florida breeding populations, (or at some point, the
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progeny of the southern Florida aggregations), in response to environmental degradation,
rather than because the northern sites offered superior nesting opportunities (Walters et al.
1992). In addition, by the 1970's, the timing of Wood Stork breeding had shifted from
starting in November and December to starting in February and March, and colonies of
Wood Storks began to have poor breeding success (Ogden in press). By the late 1970's, a
dramatic change in nesting location was also obvious - the large mixed-species nesting
colonies on the coast of Everglades National Park had shifted to the interior freshwater
Everglades. Finally, the period of the late 1960's and 1970's showed a strong and
previously unrecorded relationship between nesting numbers and speed of drying of the
marsh surface (Kushlan et al. 1975, Frederick and Collopy 1989a), as well as interruptions
in nesting during wet springs, and during any reversals in the drying trend (Frederick and
Collopy 1989a, Ogden in press).
The 'reasons for these dramatic changes in wading bird distributions, timing of
reproduction, and breeding numbers seem directly related to changes in amount of available
foraging habitat, agricultural displacement, marsh surface hydrology and water management,
which have affected both the robustness of prey populations, and the ability of the birds to
capture prey. The rough coincidence of massive structural changes to surface water flows in
the Everglades during the 1960's, with declines in nesting, changes in timing of nesting,
changes in nesting responses to hydrological variables, and movements of birds into other
nesting regions certainly suggests a relationship. Recent research has suggested that:
1. Wading bird reproduction is most strongly related to the availability of food.
Powell (1983) found that clutch size and productivity of Florida Bay Great White Herons
(Ardea herodias) could be increased by food supplementation, and Frohring (unpublished
Everglades National Park Research Center report) found that prey densities in close
proximity to colonies was the environmental factor most strongly correlated with growth rate
and productivity of young. Hafner et al. (1992) found increases in productivity of Little
Egrets (E~retta ~arzetta) were associated with increased food delivery rates. Hoyer and
Canfield (1990) found that the number of wading bird species on Florida lakes was positively
influenced by eutrophic status and high productivity. Further, the timing and nature of
nesting abandonments in the Everglades are consistent with interruptions in the availability of
food through a number of mechanisms, including increases in water depth, dispersal of prey,
increased rainfall, and low temperatures (Frederick and Spalding in press, Frederick and
Loftus 1993). Conversely, predation, human disturbance, and lack of colony substrate have
been suggested to have little influence on breeding in the Everglades (Frederick and Collopy
1989b, Frederick and Spalding in press).
2. Of all the ecosystem habitat types, wading bird prey were probably most
consistently available in the mangrove interface during the pre-drainage period, offering pre-
breeding foraging habitat and feeding alternatives during periods of high freshwater levels
that the deeper parts of interior marshes could not. This notion is supported by the historical
pattern of feeding in the ecosystem (Kushlan et al. 1984, Ogden in press), recorded densities
of fishes (Loftus et al, 1986), and by investigation of the foraging behavior of birds breeding
on the coast (Bancroft et al. 1990).
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3. The productivity of the estuarine zone has been severely compromised by a lack of
freshwater flows to this part of the system (see review by McIvor et al. in press). Modeling
of surface water dynamics by two different groups of investigators has shown that historic
flows to the estuary were vastly larger than at present. Declines in sport fisheries,
commercial shrimp fisheries, and a number of biological measures of Florida Bay
hypersalinity, provide further evidence that the productivity of the estuarine zone has been
severely compromised by the lack of fresh water (Browder 1985, Tilmant 1989, Rutherford
et ale 1989, Bowman et ale 1989, Smith et ale 1989).
4. Within some limits, productivity of small forage fishes in the freshwater marshes is
related to hydroperiod (Loftus et ale 1986). Shortened hydroperiods over much of the
southern Everglades may well have reduced the productivity of the prey that wading birds
feed upon, particularly in the interface between freshwater marsh and mangroves, where the
large historical colonies were located. The presence of dikes is also hypothesized to impair
the ability of prey fishes to travel in the freshwater parts of the Everglades, and so may
obstruct recolonization between compartments, particularly from areas of long hydroperiod to
those of short hydroperiod.
5. Short hydroperiod marshes were also critical pre- and early breeding season
foraging habitat for wading birds (Kushlan 1974, Kushlan et ale 1984, Ogden in press,
Fleming et ale in press). Further, these high elevation marshes probably once offered wading
birds feeding opportunities during high rainfall years, and during reversals in drying trend.
The lack of this early and pre-breeding feeding habitat is consistent both with the
dramatically later breeding of Wood Storks, the early departure of the majority of the
wintering population in most years, and the extreme sensitivity of the current breeding efforts
to minor changes in drying trend.
6. The impoundment of much of the marsh into deeper pools, the tremendous
reduction in area and hydrological isolation of short hydroperiod marshes, the shortened
hydroperiod of lower Shark River Slough, and the degradation of the coastal estuary, seem to
have sharply reduced the conditions under which the robust and continuous wading bird
feeding apparently necessary for reproduction, can occur. Such feeding opportunities now
seem limited to the impounded freshwater sections of the Everglades, only during years of
rapid surface water drying in which there are both few increases in water level, and
infrequent or weak periods of cold (Bancroft et ale in press, Frederick and Collopy 1989a,
Frederick and Loftus 1993, Ogden in press).
The relatively recent conclusions outlined above have provided a new focus for
restoration policy (Walters et ale 1992, Davis and Ogden in press), which now includes
recommendations for increases in short hydroperiod habitat, increased flows to the estuary,
some hydrological connection among compartments, and restoration of long hydroperiods to
northern Shark Slough as explicit components.
The results outlined above also clearly demonstrate that breeding wading birds
respond dramatically to hydrological change and are valuable as a monitoring tool, but that
such trends must often be monitored for a period of decades before they make sense. In
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addition, it is apparent that monitoring nearly always yields an unexpected understanding of
reproductive biology, and biological relationships, which then become the foundation upon
which biological understanding and ecosystem management can be built. Yet these fortuitous
findings are never the stated goal of the monitoring projects. For instance, monitoring of
wading bird breeding populations in the 1930's was aimed simply at documenting those areas
that should be protected, yet this work became one of the invaluable keys to understanding
the dynamics of breeding in the pre-drainage Everglades. Collected in the first two decades
of this century, the full value of those data were only realized in the last two decades of the
century. Similarly, the monitoring of wading bird reactions to a modified water delivery
plan (Frederick and Collopy 1988) resulted in the surprising conclusion that predation was a
negligible factor in wading bird reproductive success (Frederick and Collopy 1989b), and
yielded detailed information on the relationship between hydrology and breeding success
(Frederick and Collopy 1989a). The value of continuing any monitoring program also grows
considerably with the length of time since inception. This is particularly true of the
Everglades wading bird information. The record of nesting populations is now almost 100
years old. Detailed records of nesting effort in relation to hydrology and weather are now
almost 30 years old. And systematic documentation of breeding in the WCAs is now 7 years
old.
This research project was begun for two reasons; a need for biological monitoring of
wading bird populations in order to assess the effect of water management and continue the
long-term survey record, and a need for better understanding of the relationship between
hydrological variables and nesting success. The latter is of considerable importance to
current and future water management. Although we are aware that certain features of the
historical ecosystem made wading bird feeding robust under a variety of conditions, it is also
clear that their complete re-creation will be impossible in the present landscape. For
instance, it is very unlikely that a large portion of the historic short-hydroperiod marshes can
ever be reclaimed from the current urban and agricultural landscape. Similarly, the
Everglades will probably always have to retain some urban water supply and flood protection
function, and so some impoundment of marsh waters will probably be inevitable. The
management of surface waters will therefore continue to be at some odds with our idea of the
historic pattern of surface water flow. The ability to manipulate hydrology to suit' wading
birds in this new landscape is therefore a critical piece of the restoration puzzle.
Nesting by several species is clearly influenced by surface water conditions. Aquatic
foraging is limited to a large extent by leg length (Powell 1987, Frederick and Bildstein
1992), and deep water is clearly avoided by most species (Hoffman et al. 1990). In addition,
tactile - foraging species like the White Ibis and Wood Stork seem to prefer much shallower
water than their leg lengths would suggest. As above, surface water conditions influence
nesting to the extent that they affect the availability of prey. Availability is influenced both
by the standing stock of prey, and by any condition which influences how those prey may be
located or captured by wading birds. During studies in the last 20 years, strong drying
trends have been consistently associated with the distribution of most species of foraging
birds within the Everglades (Hoffman et al. 1990), the timing and nesting numbers of Wood
Storks (Clark 1978, Kushlan et al, 1975), and nesting numbers of White Ibises (Frederick
and Collopy 1989a). While some measure of drying was probably important for determining
5
breeding season in most neotropical savannas (Ramo and Busto 1992), it is clear that rapid
drying was not essential for successful nesting in the historical Everglades, nor is it always
necessary for stimulating breeding in other locations (Bildstein et al. 1990, Aguillera 1993).
Further, attempts to correlate rapid drying with nesting success of Great Egrets and other
species in the Everglades have failed (Frederick and Loftus 1993). Extremely rapid drying
can also lead to the exposure of colonies to predation by mammals, and excessive reduction
of foraging habitat (which leads to nest abandonment, Bancroft et al. 1991). Regular drying
of much of the marsh surface may also be detrimental to recruitment and maintenance of
high standing stocks of prey populations (Loftus et al. 1992).
Thus the management of surface water should probably include some aspect of drying
in order to make prey available, but at the same time should avoid as much as possible the
tradeoffs with reduced prey standing stock and regular, complete drying of the marsh
surface. In some cases, the optimum for birds and their prey is likely to be at odds with
management for dry-season water storage for urban demand. The optimal point of tradeoff
is certainly not clear, and must be determined by some combination of research on wading
bird foraging behavior, and research on the effect of hydroperiod and drying on prey
populations. For example, it is also not clear how strong drying trends would need to be in
order to stimulate nesting, if prey are considerably more abundant. One of the goals of this
research project is to shed light on these questions, in conjunction with other studies by the
South Florida Water Management District, Everglades National Park, University of Florida,
Loxahatchee National Wildlife Refuge, the Florida Cooperative Fish and Wildlife Research
Unit, and the National Audubon Society Research Center.
The immediate goals of this study were to document nesting locations and numbers in
the Water Conservation Areas, to measure nesting success, to document major foraging areas
used by breeding birds, and to relate breeding success to environmental variables.
METiiODS
This report covers the period from February through June of 1993.
Study Area: This study covered nesting in Water Conservation Areas 1 (Loxahatchee
National Wildlife Refuge), 2, and 3, as well as colonies in Northeast Shark Slough (NESS).
Aerial Survey Flights: Monthly systematic breeding colony survey flights were flown in
February, March, April, May, and June of 1993. These flights were designed to detect
colonies of wading birds, and are quite distinct in purpose from the Systematic
Reconnaissance Flights (SRF) flown since 1985 in the Everglades by a number of agencies.
The SRF's are designed to estimate the numbers of wading birds feeding on the marsh, and
do so by counting quantified strips at very low altitude, and by then extrapolating the
densities to the entire area of interest. Methodology for the breeding survey flights was
developed in 1986 (Frederick and Collopy 1988) and has been used consistently since by
National Audubon Society (NAS), ENP, and University of Florida researchers in the Water
Management Areas.
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Breeding colony surveys cover 100% of the marsh surface, are flown at 250-3OOm
altitude, at 160 km/hr airspeed in a single-engine, high winged aircraft (Cessna 172s were
used in. this study and have been used almost exclusively in past surveys), with one observer
on each side of the aircraft (total crew of three, 'including pilot). Transects are flown in east-
west directions, and spaced approximately 2.4 km apart. This transect spacing was
empirically determined by flying past known colony locations at various distances, and
determining a minimum detection distance under a variety of visibility conditions (Frederick
and Collopy 1988). The 2.4 km spacing allowed for considerable overlap of the detection
distance on adjacent transects. Transect spacing was occasionally decreased in poor visibility
conditions, such as haze, smoke and glare on one or both sides of the aircraft; since 100%
coverage is achieved regardless of transect spacing, this is not considered an inconsistency in
methodology. During previous years, transect spacing was achieved with a LORAN-C
navigational unit. In 1992 this function was replaced by a Trimble Transpac Global
Positioning System (GPS), which is a much more consistently accurate instrument due to
superior triangulation from satellites and vastly speedier update time.
Colonies were circled when located, a position noted for each, and colony
composition and nesting numbers estimated from altitudes of 90-190m. For large colonies,
such as Alley North, a final count was derived both from averaging successive counts, and
by agreement between the numbers estimated silently by the two observers.
Aerial counts were considered accurate only for Great Egrets, White Ibises, Wood
Storks, Snowy Egrets, and Cattle Egrets. While the presence of Tricolored Herons, Little
Blue Herons, Great Blue Herons, and Glossy Ibises was usually detected by aerial surveys,
nest counts were considered unreliable. Each colony was visited on the ground at least once
during the period from April 8 through July 15, and nests were counted in each. Colonies of
Little Blue Herons are often detectable from the air because of the white-plumaged young.
In the past, comparison of aerial counts with complete ground surveys showed that 100% of
the Little Blue Heron colonies containing over 100 nests were detected, and 90% of those
containing at least 50 nests were detected (Frederick and Collopy 1988).
Surveys of Loxahatchee National Wildlife Refuge (NWR) were performed largely by
Su Jewell and other staff of Loxahatchee NWR, using similar methodology for both air and
ground surveys. Aerial surveys of Everglades National Park were performed by John Ogden
and Oron Bass of the South Florida Research Center, and included ground visits to some but
not all of the colonies located.
Airboat Surveys; All colonies were visited at least once by airboat during the nesting season.
Species composition, nesting numbers and stage, and location were noted on each visit; at
large colonies, estimation of stage, and species composition were enhanced through the use
of a 7.9 meter collapsible aluminum tower, erected in the airboat. In addition, systematic
boat surveys were undertaken in order to locate smaller colonies of dark-colored species and
isolated single nests of Great Blue Herons.
Airboat surveys were made systematic with the use of the GPS unit; all willow and
bay heads were approached to within 20 m in order to flush incubating birds. Searches were
also enhanced by reports from SRF surveys, Tim Towles of the Florida Game and
Freshwater Fish Commission, and Rob Bennett's Snail Kite project. In addition, all previous
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locations of colonies discovered since 1986 were visited at least once by airboat.
Nesting Success; For Great Egrets, Tricolored Herons, Snowy Egrets, and Black-crowned
Night Herons (Nycticorax nycticQIM), reproductive success was estimated through repeated
visits to marked nests in a sample of colonies. Colonies were selected for study of nesting
success based on several criteria. We tried to include a mix of large colonies with multi-
species composition, as well as small colonies that were representative of particular species
or regions not otherwise represented. We studied nesting success intensively through a
sample of marked nests at Tamiami East, Hidden/L-28, Frog City North, Frog City South,
Mud Canal, and Alley North colonies. Colonies were visited once every 5-8 d, depending
on inclement weather and equipment failure. All colonies were approached to within 20 m
by airboat, with the exception of the two Tamiami Trail colonies, which were immediately
accessible from the roadway. Colonies were only visited in early morning hours (0630-0900)
to avoid overheating of eggs and chicks, and visits were limited to a maximum of one hour.
If the colony was small, all nests were marked with numbered strips of pink or red
surveyor's flagging. If the colony was large, all nests were marked within approximately
two meters of a trail within the colony. Trails were oriented towards the densest nesting
sections, but included both edge and central nests. The total number of nests marked was
determined by the hour limit on visitation.
Colonies were first visited once clutches were complete or nearly so. On each visit,
nest contents were recorded, often with the aid of a bicycle mirror affixed to an extendable
aluminum pole. Unlike in earlier studies' (Frederick and Collopy 1988), eggs were not
marked. A nest was considered active with the laying of the first egg, and inactive at the
loss, destruction, or abandonment of the contents. Following complete losses of nest
contents, new clutches in the same nests were counted as new nest starts, since we could not
determine whether the same pair had produced the restart. Since egg laying was often
completed by the time of the first visit to any nest, laying dates were frequently inferred by
back-counting from the hatching date of the first chick. Incubation periods used were from
first egg laid to hatching of the first egg, derived from the literature and from earlier studies
(Frederick and Collopy 1988); we used 28 days for Black-crowned Night Herons, Great
Egrets and Great Blue Herons, 22 days for Little Blue Herons, Tricolored Herons, and
Snowy Egrets, and 21 days for White Ibises. We made no attempt to measure nest success
largely solitary nesting species such as Great Blue Herons and Green-backed Herons
(Butorides striatus). Unless some evidence at the nest suggested a date for the actual failure,
the date of failure was assigned to the midpoint between two visits. This assignment
obviously determined the number of days each failed nest was estimated to have survived.
Clutch sizes were calculated only from nests that were discovered during the first six
days following incubation, or those for which increases in clutch size were noted between the
first two visits. These restrictions control to some extent for the effects of partial clutch loss
that can occur at any point during incubation, but which are probably dependent upon
exposure time.
Young ciconiiform birds typically spend the last several weeks of their period at the
nesting site out of the nest and walking around the treetops. At this stage, they are
extremely difficult to reliably locate without the use of radio transmitters (Frederick et ale
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1992a). Nests in this study were followed either until they failed, or until young were of an
age beyond which their mobility impaired our ability to find them if they were there. The
nest success estimation techniques (below) demand that the maximum age of nestlings be
constant across nests. This age was predetermined by a combination of previous experience
and empirical determination (Frederick et al. 1992a). Oldest nestlings followed were 14 days
of age for all species except Great Egrets and Black-crowned Night Herons (21 days).
The disappearance of eggs or chicks in nests was taken as and indication of predation.
However, empty nests could be interpreted either as predation events, or as abandonment for
other reasons followed by scavenging of nest contents. We assigned predation as a primary
cause of failure when eggshells, tracks or scat suggested that mammals had preyed upon
nests. The boldness of mammalian predators, and the apparent opportunism taken whenever
colonies are accessible, makes them more likely to be predators than scavengers.
Abandonment was assigned as a primary cause of nest failure only when a complete set of
cold eggs or dead or moribund chicks were found.
Nesting success (the probability of any nest start producing at least one young of the
above standardized age) was estimated using both the traditional method (# nest
successes/total # nest starts), and Mayfield's (1961, 1975) method of estimating success by
prorating survival for the nesting period. The latter method is of use because nests are more
likely to be found if they survive; those that fail early (as wading bird nests are prone to, see
Shields and Parnell 1986) are less likely to be found, and the traditional nest success measure
therefore tends to overestimate success. Mayfield's solution was to pro-rate the daily
survival of nests found at various stages, for the entire nesting cycle to achieve an overall
probability of nest success. Calculation of nest success, standard deviation of success, and
tests for differences in nest success are given in Hensler and Nichols (1981) and Hensler
(1985), as well as in Appendix 1 of this report.
Nest survival rates were estimated separately for the egglaying and incubation
periods, as given above. These rates were then combined to give an overall estimated nest
success probability (Appendix 1). It should be emphasized that the nest success rates given
are only through the period that the young spend in the nest, and that several weeks of time
in the colony elapse prior to the attainment of full flight skills, and independence from
adults. Further, we made no attempt to measure post-fledgling mortality of chicks, which
can be heavy during the first year of life (KahI1963).
Nests and eggs of the three small day-herons (Tricolored and Little Blue Herons and
Snowy Egret) are impossible to readily distinguish in the absence of adults or chicks. Once
chicks hatch, their coloration allows positive identification. In a few cases, small colonies
were obviously composed of only one of the three species, but in general this lack of
identification presented a problem for nests which failed prior to hatching. If nesting success
for any of these heron species were calculated only from measuring success at identifiable
nests, then those data would of course exclude nests that failed prior to hatching. This would
grossly overestimate nest success. To avoid this problem, nesting success data from all
identified and unidentified small heron nests were pooled to estimate nesting success during
egglaying and incubation periods in anyone colony or area. For the nestling period, success
estimates could be made by species, and overall nesting success figures were therefore
compiled from a combination of the species-specific nestling period, and the genus-wide
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incubation period estimate. Although this tends to underestimate nesting success differences
between species and colonies, it is vastly preferable to the exclusion of large numbers of
nests which fail prior to hatching. Hatchability of eggs (survival to hatching given survival to
a hatching date) is often included in Mayfield nest success estimates, but as the unit of
measure is the nest, the effect of hatchability will only evident if all eggs fail to hatch in a
clutch. For this reason, hatchability is measured in this study on a per-egg basis, as the
number of eggs hatching/number of eggs surviving to a date at which they would normally
hatch.
Foraging dispersion: Using fixed-wing aircraft, we followed adult birds from colonies to
foraging areas. Foraging flights of adults were monitored once chicks had hatched in the
colony of interest, since this is the time of highest food demand. Colonies from which birds
were followed were selected on the basis of size, regional importance, and species
composition. Foraging flights were monitored during morning hours. The colony was
circled at 150 m altitude, and the first white-plumaged bird (excluding Cattle Egrets
Bubulcus ibis) to leave the colony in any direction was followed until it landed, or in some
cases, until it began soaring. Although wading birds often travel to foraging areas by
soaring, this fllght pattern is extremely difficult and expensive to follow. Since the flight
speed of the bird was always much slower than the aircraft, birds were followed in wide
slow circles, maintaining at least 150 m altitude above, and 300 m diameter around the flight
path of the bird. Dark-plumaged birds have proved very difficult to follow in the past, and
in this study, we followed only Great and Snowy Egrets. For each flight, we recorded flight
time and direct line distance between colony and foraging area, and the position of each bird
at landing was noted using the GPS unit. At each foraging location, we noted the presence
of other birds, and the habitat type as given in Table . This aerial following information
was supplemented by observations of vanishing bearings of birds leaving colonies. The
bearings were taken with compass, and the birds observed with a 30 power telescope from
the top of the 7.9 meter blind.
Food Habits: We collected regurgitated food samples from young Great Egrets, Tricolored
Herons, and Snowy Egrets while visiting colonies. These samples were collected only from
chicks that regurgitated spontaneously as we approached. Marked samples were stored
individually in plastic bags and frozen for later analysis. For all samples, individual prey
items were identified, weighed to the nearest 0.1 gm and measured to the nearest mm. For
crayfish, shrimps and insects, body parts usually break off rapidly after ingestion, and we
weighed the accumulated total of parts together. All intact fishes were dissected and
examined for presence of the nematode parasite Eustrongylides ignotus).
Foraging Behavior: During the 1993 season, we began closely observing and recording
foraging behavior of several species of wading birds. The purpose of this effort is both to
relate foraging behavior and success with reproductive responses on an interspecific basis,
and to investigate the ecological factors which are correlated with high foraging success. At
most scales, this effort will only become valuable over a period of years, although some
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comparisons are already valuable.
We recorded the behavior of Great Egrets, Tricolored Herons, Snowy Egrets, Wood
Storks, and White Ibises whenever possible throughout the nesting season, and in as many
different ecological and social situations as possible. Birds were watched from cars on the
roadside, from vantage points on dikes, and from various elevations on the airboat. We
selected individuals which were displaying one or more foraging behaviors, including striking
and probing, staring intently into the water, walking slowly, foot-stirring, and aerial
foraging. If the bird stopped foraging and began more than cursory preening or roosting, the
observation was terminated.
Observations were started at random times with respect to most recent capture, strike,
or foraging tactic. The start time of most observations began with the end of the preceding
one, and could therefore be seen as random process. Observations were ended at
predetermined times (5, 10, 15, 20, 25, 30, and 35 minutes from start) as monitored by a
stopwatch. In all cases the proposed duration of observation was predetermined; we wished
to achieve a mix of lengths of foraging observations in order to balance sample size with the
ability to measure rare behaviors (such as local site switching). Observations were continued
until the alotted time was finished, the bird stopped foraging, or until the bird flew off. If
the bird flew to a site within easy sight of the observer, the shift was noted, and the
observation continued.
During observations, we noted steps, strikes, probes, captures, interspecific
interactions, foot-stirs, flights, and vocalizations. Captures were distinguished by the
characteristic head-toss during swallowing. For herons and Wood storks, prey items were
frequently visible upon capture, and were identified if possible. In addition, for some
particularly good observations, the approximate total length of the animal was estimated as a
proportion of bill length « 0.16, 0.25, 0.5, 0.66, 1.0). If observation conditions were good,
we assumed the items we could not distinguish were generally in the smallest size class
because these items were usually not distinguishable because they were swallowed very
quickly. Handling time increases dramatically with prey size. Bill-equivalents were then
converted to rough total lengths from bill-size measurements for each species of bird using
the midpoint of the range of mean measurements given in Hancock et al. 1993, Palmer 1962,
Bent 1926).
The energetic value of prey items was then calculated from the size/mass and calorific
relationships given for Everglades animals in Kushlan et al. 1989. Total energetic intake for
any foraging bout was then the sum of the energetic value of the prey items eaten, and the
mean of these measurements was used as a rough indicator of energetic intake.
We noted a variety of habitat characteristics at each site. Following the end of
observations, coordinates were taken with a Trimble TransPac GPS unit, from the site where
the foraging bird began the bout. Standing at this site, we collected information on
environmental and site attributes, including water and air temperature, wind direction and
speed, percent cloud cover, an average of six measurements of water depths, periphyton
cover estimated in four categories, the dominant grasses, aquatic plants, trees and shrubs
within 50 meters, soil type and approximate depth, physical features such as roads, canals,
airboat trails, ponds and sloughs nearby, a categorization of the vegetative community at a
scale of approximately 200 meters, and a categorization of the landscape type.
11
Food deliveries to young: The survival and growth of young ciconiform birds are known to
be highly dependent upon amounts of food delivered to the nest during the period of rapid
growth (first three weeks for most species, see Werschkul 1979, Powell 1983, Frohring
unpublished). The amount of food delivered to young is likely to vary over a wide range
(Hafner et al. 1992, Frederick and Powell in press). By measuring this variation, the
relationship between nest success and food could be better defined for most species, and
might be used as a predictor of nest success,and a standardized tool for assessing foraging
opportunities at each colony.
In 1992, we placed mechanical scales with an accuracy of 2 gm under the nests of
one White Ibis, one Tricolored Heron, and two Little Blue Herons, at the time that chicks
hatched or shortly thereafter. The nests were supported by, and wired to the platform of the
scale, in the same space and position as the nest originally sat, but with branches removed.
The scales were then monitored visually from a blind placed 12 to 15 meters from the nests.
The difference between the mass of the nest with just the chicks before, and immediately
after, parental feeding visits was used as a measure of the weight of food delivered.
In 1993, we tested the utility of an electronic balance (range 0 - 4,000 gm, accuracy 1
gm) for the same purpose, on two Great Egret nests in the Frog City South colony. The
balance's voltage output was connected to a single-channel Telog datalogger, with an external
cable from the Telog datalogger connected to a blind 15 - 25 meters from the nests. The
purpose of the datalogger was to attempt to monitor the mass changes of the nest
automatically. In order to test the accuracy of this possibility, we monitored the behavior of
the birds from the blind, and compared it with the mass changes recorded. We observed
each of two nests for approximately 20 hours during May of 1993.
RESULTS
Weather and hydrology: The winter and much of the spring of 1992/3 was extremely wet,
with particularly large amounts of rainfall in November, December, and January (see Figure
1). Rainfall in the latter three months was well in excess of one standard deviation of the
monthly means, as recorded at Tamiami Ranger Station (Figure 2), and can be considered
quite anomalous for those months. Coupled with water levels that were already normal to
high at the beginning of December, the heavy rainfall resulted in extremely high and often
rising water conditions throughout the winter and spring in all parts of the Everglades. For
example, water depths in northern WCA 3A at Alley North colony in early March (usually
less than 50 em at this time of year) were between 1 and 1.5 meters deep. Water levels did
not begin to drop until early April, and strong recession rates were not experienced until
early May, if at all.
In Loxahatchee NWR, water levels were well above the mean for the entire period
from September of 1992 through August of 1993 (Figure 3). Water level showed a generally
declining trend from January through May, probably due to water releases throughout the
period. WCA 1 appears to be the only Conservation area that did show any kind of stable
declining trend. In the 27-year record of water recession rates (Table 1), early drying rates
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Figure 1. Monthly rainfall at Tamiami Ranger Station from August of 1992
to May of 1993, expressed as a deviation from long-term monthly means. One
standard deviation above and below the mean (0) is shown by the thin lines.
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Figure 2. Locations of weather and hydrological gauging stations mentioned in this report.
Figure 3. Stage in Loxahatchee National Wildlife Refuge during 1993, showing mean monthly maximums, minimums, and
standard deviations for reference.
were slower than 1993 in only 4 years, late drying rates slower in 21, and both drying rates
slower in only one year. Although the slow early drying rate was anomalous, the late drying
rate was actually somewhat above the mean.
In WCA 2a, surface water levels fluctuated erratically during the entire period from
September of 1992 through June of 1993, but stayed much closer to the mean maximums and
minimums than in WCA 1 and 3 (Figure 4). Again, this behavior was probably strongly
influenced by regulatory releases. In late January of 1993, water levels increased
dramatically following the heavy rains of late winter, and a rapid drying trend was achieved
only by late April. In the 31 year history of water recession rates in WCA 2a, early drying
rates were slower than 1993 in only four years, late drying rates slower in 9, and both
slower in only one year (Table 1).
In WCA 3, water levels were extremely high for the entire period from November of
1992 through April of 1993, with only a very brief period of rapid drying in May (Figure 5).
During this time, water levels were well above the mean maximum for each month, and in
most cases higher than the mean plus one standard deviation. In the 30-year history of water
recession rates at the 3-4 gauge, early drying rates were slower in only three years, late
drying rates slower in only three years, and both drying rates slower in no years (Table 1,
Figure 6). The depth of water throughout the spring experienced in 1993, and the -slowness
of water recession rates, were indeed rare phenomena in the history of WCA 3.
Table 1. Water level recession rates (mm/day) in the Water Conservation Areas, and
comparisons with the historical record.
'93 '93
early late # years # years # years
N drying drying early less late less both less
Station years rate! rate than in '93 than in '93 than in '93
3-4 30 0.22 -0.40 3 3 0
1-9 27 -0.33 3.91 4 21 0
2a-17 31 -1.45 0.22 4 9 1
1. Measured from highest level in November to highest level in January divided by number
of days intervening between records.
2. Measured from highest level in January to highest level in March, divided by number of
days intervening between records.
Unlike 1992, the 1993 winter and spring was much windier than the mean (Figure 7).
Winds in February, March, April and May were well in excess of one standard deviation
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Figure 7. Monthly totalized wind at the Tamiami Ranger Station in November
through July of 1992 (shaded bars) and 1993 (hatched bars). Monthly values are
expressed as a deviation from the long term mean (0 on the chart), with one
standard deviation above and below the mean shown as thin lines.
over the monthly means. High winds and cold temperatures have been shown to negatively
affect Great Egret reproductive success (Frederick and Loftus 1993) by forcing prey into
refugia, and reducing hunting opportunities.
The 1993 season was considerably warmer than usual in January, and was not
dramatically warmer or cooler than long-term monthly means (Figure 8).
Effects of Hurricane Andrew. Much of the study area experienced winds in excess of 100
mph during Hurricane Andrew. Blown-down trees, strongly wind-sculpted nesting
vegetation, and greatly increased density of new shoots and wound-induced growth in
colonies were found as far north as Alley North colony in WCA 3, north of Alligator Alley.
Hurricane Andrew probably had little direct effect upon birds in the area because it came at a
time when wading bird populations are at their nadir for the year. The timing of Andrew
was well after the usual summer exodus of wading birds, and prior to the typical influx of
migrants during the fall (Hoffman et al. 1991). Although the effects of the hurricane in the
study area were generally confmed to sculpted and occasionally uprooted nesting vegetation,
the effects in the direct path to the south were considerably more severe. Since much of
Shark Slough seems to serve as foraging habitat for birds which then breed in the WCAs,
these effects cannot be ignored. In addition to severe damage to mangroves and tree islands,
Park Service personnel reported that the periphyton layer was completely scoured in large
sections of Shark Slough, and that fish densities have remained considerably depressed
throughout the 9-month period since Hurricane Andrew. Large numbers of dead fish were
found in the mangrove region of the Park, and the response of predatory and prey fishes in
those sections is so far unknown.
In addition, the study area experienced at least two windstorms that could be classified
as severe, on 13 March and 5 April. The first of these was the weather system that caused
wind damage, tornadoes and blizzards throughout the eastern United States. It resulted in
considerable damage to trees in a number of colonies, especially the L-28 colony (also called
Hidden or 40-mile bend colony). Following this March storm, we estimated that up to a
third of the standing cypress trees in the colony had been snapped. The second storm on 5
April was not as generally severe, but spawned several tornadoes in coastal. Broward County.
We noted considerable vegetation damage in northern WCA 3, south of Alligator Alley,
apparently as a result of this second storm. The windthrow effects of these spring storms
could be easily distinguished from those of Andrew since the winds were in opposite
directions, and tree trunks lay accordingly.
Breeding effort: Systematic survey flights designed to locate all colonies in WCA 3 and 2
were performed on 19-20 February, 18-22 March, 20-21 April and 18-24 May of 1993. A
combination of aerial surveys and ground searches revealed relatively low numbers of
breeding birds (Table 2, see Figures 9 and 10 for locations of colonies). Only 7,302 nests
were found by the time of writing. This can be considered quite low in the context of the
history of the nesting record, the past 15 years (Figure 11), and is 40% below the mean for
the past six years (Figure 12). No nests of White Ibises, Glossy Ibises, or Wood Storks
were found, although six White Ibis nests were reported in Loxahatchee NWR in late June
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Figure 8. Monthly mean temperatures at Tamiami Ranger Station, from August of
1992 through May of 1993, expressed as deviations from long-term monthly means.
Table 2. Summary of location, size, and species composition of colonies located in Water Conservation Areas 1, 2, and 3 of the
Central and Northern Everglades in 1993. N.A. = position not available.
Colony Degrees Degrees WS WI GE SN TC LB CE GLI BCNH GBH Total
decimal decimal
minutes minutes
Latitude Longitude
L-28 25°47.93' 80050.58' 0 0 175 200 300 25 0 0 0 0 700
Tamiami East 25°45.52' 80030.51' 0 0 180 0 25 0 30 0 0 0 235
Tamiami West 25°45.52' 80032.76' 0 0 80 0 0 0 0 0 0 0 80
E of Die 25°51.14' 80050.27' 0 0 10 0 0 0 0 0 0 0 10
Crossover n.a. n.a. 0 0 65 0 0 0 0 0 0 0 65
Unknown s of lumpy 25°52.40' 80039.29' 0 0 4 0 0 0 0 0 0 0 4
L-67 25°57.33' 80033.92' 0 0 280 10 0 0 0 0 15 2 307
Unknown 3b 25°51.94' 80030.33' 0 0 5 0 0 0 0 0 0 0 5
unknown 3b 25°56.41' 80028.83' 0 0 35 0 0 0 0 0 0 0 35
Mud Canal 26000.60' 80027.65' 0 0 240 0 50 15 200 0 100 1 606
Mud Canal South 25°59.60' 80027.65' 0 0 5 0 2 0 0 0 0 0 7
Big Melaleuca 26002.80' 80037.50' 0 0 95 0 0 0 0 0 0 2 97
Andytown 26006.87' 80029.48' 0 0 200 0 15 10 0 0 0 3 228
Alley North 26°11.35' 80031.55' 0 0 310 250 0 50 0 0 50 3 663
2b melaleuca 26°10.50' 80020.40' 0 0 2 0 0 0 0 0 0 0 2
False L-67 25°54.42' 80036.37' 0 0 50 0 0 0 0 0 0 0 50
2b unknown 25008.68' 80022.86' 0 0 10 0 0 0 0 0 0 0 10
Andytown East Mel 26005.69' 80028.29' 0 0 0 0 0 0 0 0 0 3 3
Andytown East Willo.j6oo6.06' 80029.34' 0 0 0 1 0 15 0 0 0 0 16
Andytown South 26005.31' 80029.63' 0 0 0 0 0 0 0 0 0 4 4
Andytown Southeast 26005.71' 80028.33' 0 0 0 0 0 0 0 0 0 4 4
Robs 25°53.33' 80048.21' 0 0 0 25 0 10 0 0 0 1 36
Kite Dome 25°53.32' 80047.70' 0 0 0 0 0 0 0 0 0 4 4
Table 2 (cont.)
Colony Degrees Degrees WS WI GE SN TC LB CE GLI BCNH GBH Total
decimal decimal
minutes minutes
Latitude Longitude
Frog City 25°45.65' 80035.25' 0 0 18 0 0 0 0 0 0 0 18
Alley N-S 26009.81' 80031.98' 0 0 0 0 0 0 0 0 0 2 2
Sample 26009.01' 80033.48' 0 0 0 0 0 0 0 0 0 3 3
JWI 26005.07' 80043.15' 0 0 140 0 0 0 0 0 0 2 142
Outer Trail 25°54.10' 80049.17' 0 0 0 15 0 5 0 0 0 0 20
Miccosukee line N 26004.03' 80047.64' 0 0 0 8 0 0 0 0 0 0 8
Miami VOR 25°56.55' 80028.95' 0 0 15 0 0 0 0 0 0 1 16
LBH halfway 25°57.97' 80048.46' 0 0 0 10 0 32 0 0 0 0 42
Big Pond NE 25°52.38' 80047.80' 0 0 3 20 0 5 0 0 0 2 30
3b deer island 25°48.90' 80036.22' 0 0 15 2 0 0 0 0 0 0 17
3b west deer ge 25°51.22' 80033.25' 0 0 10 0 0 0 0 0 0 4 14
Pocket willow 25OS8.51, 80031.70' 0 0 0 50 0 15 0 0 0 0 65
Pocket LBH 25°54.11' 80035.35' 0 0 0 15 0 10 0 0 1 0 26
Frog City South 25°43.27' 80035.90' 0 0 35 25 0 10 15 0 0 0 85
Cypress City 26007.53' 80032.45' 0 0 35 0 0 0 0 0 0 0 35
2a south end 26008.67' 80022.89' 0 0 35 4 0 2 0 0 0 1 42
2b Davids 26°10.94' 80020.88' 0 0 0 10 0 40 100 0 0 0 150
2a SE 26°14.25' 80018.66' 0 0 0 0 0 0 40 0 0 26 66
Andrew's 26°14.38' 80045.67' 0 0 20 0 0 0 90 0 0 0 UO
2A Stub n melaleuc 26°15.03' 80025.67' 0 0 20 0 0 0 0 0 0 7 27
2b s of davids 26009.84' 80020.75' 0 0 40 0 0 0 0 0 0 2 42
2a gbh 1 26°15.90' 80023.30' 0 0 0 0 0 0 0 0 0 8 8
2a gbh 2 26°18.10' 80021.60' 0 0 0 0 0 0 0 0 0 2 2
2a gbh 3 26°15.10' 80019.80' 0 0 0 0 0 0 0 0 0 5 5
Old Glory Lbh 26°14.87' 80019.43' 0 0 0 3 0 20 0 0 0 0 23
2b GBH 1 26009.90' 80020.90' 0 0 0 0 0 0 0 0 0 2 2
2a GBH 4 26°14.63' 80021.06' 0 0 2 0 0 0 0 0 0 1 3
Table 2 (cont.)
Colony Degrees Degrees WS WI GE SN TC LB CE GLI BCNH GBH Total
decimal decimal
minutes minutes
Latitude Longitude
Andytown NE 26~6.62' 80P29.04' 0 0 0 0 0 0 0 0 0 4 4
Jeffs 26°54.68' 80047.61' 0 0 0 0 0 0 0 0 0 2 2
Oilcan 26009.45' 80P29.14' 0 0 0 0 0 0 0 0 0 2 2
John P 25°59.25' 80042.42' 0 0 2 15 0 15 0 0 0 0 32
3a se comer 25°46.91' 80040.09' 0 0 27 0 0 0 0 0 0 0 27
3b mud canal e 25°47.86' 80032.13' 0 0 0 0 0 60 0 0 0 0 60
3b mud canal w 25°47.86' 80032.30' 0 0 0 0 1 40 0 0 0 0 41
3a alley south 26~7.81' 80045.10' 0 0 0 0 0 15 0 0 0 0 15
3a unknown 26~6.84' 80039.11' 0 0 0 1 0 60 0 0 0 0 61
NESS CE 25°40.82' 80034.32' 0 0 30 30 0 30 500 0 0 0 590
Tieback east 26~6.33' 80047.80' 0 0 1 2 0 0 0 0 0 0 3
GapNE 26000.95' 80047.64' 0 0 10 10 0 65 0 0 0 0 85
Gap East 25°55.17' 80047.95' 0 0 0 15 0 45 0 0 0 0 60
TC small 25°53.54' 80047.68' 0 0 0 2 0 0 0 0 0 0 2
3aGBH 26~7.64' 80042.67' 0 0 0 0 0 0 0 0 0 2 2
3aGBH 26~7.33' 80042.91' 0 0 0 0 0 0 0 0 0 3 3
3aGBH 26~6.05' 80041.98' 0 0 0 0 0 0 0 0 0 3 3
3bGBH 25°48.84' 80031.99' 0 0 0 0 0 0 0 0 0 2 2
3b Gbh 25°50.40' 80034.12' 0 0 0 0 0 0 0 0 0 2 2
3b Gbh 25°54.39' 80030.18' 0 0 0 0 0 0 0 0 0 2 2
3b Gbh 25°53.66' 80030.83' 0 0 0 0 0 0 0 0 0 3 3
3b Gbh 25°51.94' 80030.37' 0 0 0 0 0 0 0 0 0 3 3
3a gbh 25°46.15' 80041.21' 0 0 0 0 0 0 0 0 0 2 2
3aGBH 25°51.26' 80038.45' 0 0 0 0 0 0 0 0 0 2 2
3aGBH 25°53.77' 80036.65' 0 0 0 0 0 0 0 0 0 2 2
167 ANHINGA n.a. n.a. 0 0 0 0 0 0 0 0 0 5 5
3aGBH 26~1.75' 80033.76' 0 0 0 0 0 0 0 0 0 5 5
Table 2 (cont.)
Colony Degrees Degrees WS WI GE SN TC LB CE GLI BCNH GBH Total
decimal decimal
minutes minutes
Latitude Longitude
3aGBH 26002.30' 80034.77' 0 0 0 0 0 • 0 0 0 0 2 2
Donut Melaleuca 26000.74' 80036~51' 0 0 0 0 0 0 0 0 0 5 5
starter mel 25°56.38' 80037.36' 0 0 0 0 0 0 0 0 0 6 6
3aGBH 25°50.71' 80047.88' 0 0 0 0 0 0 0 0 0 2 2
3aGBH 25°46.30' 80049.22' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°46.56' 80033.26' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°51.80' 80042.38' 0 0 0 0 0 0 0 0 0 3 3
3a gbh 25°52.37' 80042.12' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°55.45' 80041.58' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°56.37' 80042.46' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°58.26' 80042.08' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°51.08' 80041.05' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°50.35' 80042.23' 0 0 0 0 0 0 0 0 0 3 3
3a gbh 25°50.77' 80042.19' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°51.81' 80042.37' 0 0 0 0 0 0 0 0 0 3 3
3a gbh 25°52.34' 80042.11' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°54.81' 80042.67' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°46.68' 80042.66' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°55.02' 80043.98' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°53.50' 80043.80' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°47.08' 80043.65' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°46.65' 80043.98' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 26003.23' 80040.19' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°50.80' 80042.18' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°47.10' 80043.67' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°47.47' 80044.00' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°55.00' 80043.97' 0 0 0 0 0 0 0 0 0 4 4
Table 2 (cont.)
Colony Degrees Degrees WS WI GE SN TC LB CE GLI BCNH GBH Total
decimal decimal
minutes minutes
Latitude Longitude
3a gbh 25°55.11' 8Of44.16' 0 0 0 0 0 0 0 0 0 2 2
3a gbh 25°46.92' 8Of44.74' 0 0 0 0 0 0 0 0 0 2 2
Solitary GBH nes~s, WCA 3a 115 115
Lox 93-004 26~6.8' 8Of15.1 ' 0 3 0 0 0 0 0 0 0 1 4
Lox 93-093 26~5.0' 8OfI6.8' 0 20 0 0 0 0 0 0 0 0 20
Lox 93-090 26~6.6' 8OfI6.0' 0 I 0 0 1 9 0 0 0 0 11
Lox 93-106 26~6.6' 8~2.3' 0 0 0 0 3 220 0 0 0 0 223
Lox 93-013 26~6.7' 8OfI5.2' 0 4 0 0 0 0 0 0 0 0 4
Lox 93-071 260)3.0' 8OfI4.5' 0 0 0 0 0 10 0 0 0 1 11
Lox 93-107 26~9.4' 8OfI8.4' 0 3 0 0 0 6 0 0 0 0 9
Lox 93-073 26~8.1' 8OfI5.2' 0 0 0 0 10 10 0 0 0 0 20
Lox 93-067 26~8.5' 8Of16.1 ' 0 0 0 0 0 21 0 0 0 0 21
Lox 93-007 26~6.7' 8OfI5.2' 0 4 0 0 0 0 0 0 0 1 5
Lox 93-069 26~7.1 ' 8OfI7.0' 0 0 0 0 0 37 0 0 0 1 38
Lox 93-012 26~6.6' 8OfI5.3' 0 11 0 0 0 0 0 0 0 0 11
Lox 93-095 26028.4' 8Of15.1 ' 0 0 0 0 1 4 0 0 0 0 5
Lox 93-060 26~5.7' 8~3.3' 0 10 0 0 0 10 0 0 0 0 20
Lox 93-096 26~7.5' 8~5.4' 0 10 0 0 13 12 0 0 0 0 35
Lox 93-059 26~4.7' 8~2.5' 0 10 0 0 0 10 0 0 0 0 20
Lox 93-097 26027.7' 8~5.3' 0 0 0 5 0 0 5 0 0 0 10
Lox 93-019 26024.0' 8OfI5.0' 0 4 0 0 1 0 0 0 0 0 5
Lox 93-098 26~6.4' 8~3.4' 0 125 0 112 0 0 113 0 0 0 350
Lox 93-089 26~8.9' 8OfI4.5' 0 0 0 0 4 0 0 0 0 0 4
Lox 93-099 26025.0' 8~2.7' 0 20 0 0 0 0 0 0 0 0 20
Lox 93-072 26~8.5' 8OfI4.8' 0 0 0 4 135 125 250 0 0 0 514
Lox 93-100 26~5.2' 8~2.2' 0 3 0 0 0 0 0 0 0 0 3
Lox 03-009 26~6.2' 8OfI5.3' 0 14 0 0 0 0 0 0 0 1 15
Colony Degrees Degrees WS WI GE SN TC LB CE GLI BCNH GBH Total
decimal decimal
minutes minutes
Latitude Longitude
Lox 93-101 26~2.3' 80018.7' 0 3 0 0 0 0 0 0 0 0 3
Lox 93-083 26"30.2' 8~1.0' 0 0 0 0 0 6 0 0 0 0 6
Lox 93-102 26"30.7' 8~1.6' 0 0 0 0 0 37 0 0 0 0 37
Lox 93-017 26~4.3' 80015.0' 0 0 0 0 2 0 0 0 0 1 3
Lox 93-103 26°30.4' 80014.9' 0 0 0 0 15 25 0 0 0 0 40
Lox 93-006 26~6.7' 80015.3' 0 8 0 0 0 0 0 0 0 1 9
Lox 93-104 26~9.3' 8~1.2' 0 0 0 0 0 2 0 0 0 0 2
Lox 93-052 26~7.6' 8~2.4' 0 0 0 0 200 200 0 0 0 0 400
Lox 93-080 26~7.7' 8~1.2' 0 0 0 0 0 5 0 0 0 0 5
Lox 93-005 26~6.8' 80015.3' 0 5 0 0 0 0 0 0 0 0 5
Lox 93-105 26~6.8' 8~2.5' 0 0 0 0 2 5 0 0 0 0 7
Lox 93-014 26~6.8' 80015.4' 0 0 0 0 0 0 0 0 0 2 2
Lox 93-010 26~6.7' 80015.2' 0 0 0 0 0 0 0 0 0 2 2
Lox 93-092 26°32.0' 80018.6' 0 0 0 0 0 0 0 0 0 2 2
Lox 93-001 26~7.5' 80014.5' 0 100 0 0 0 0 0 0 0 5 105
Lox 93-081 26~8.2' 8~0.8' 0 0 0 0 0 0 0 0 0 2 2
Lox 93-015 26~5.1' 80014.8' 0 0 0 0 7 2 0 0 0 2 11
Lox 93-061 26°30.0 80018.9' 0 0 0 0 0 0 0 0 0 3 3
Lox 93-003 26~6.8' 80015.0' 0 0 0 0 0 0 0 0 0 2 2
Lox 93-074 26~4.9' 8~0.4' 0 0 0 0 0 0 0 0 0 2 2
Solitary GBH nests, Lox 46 46
1993 Totals WS WI GE SN TC LB CE GLI BCNH GBH Total
WCA 2 and 3 0 o 1,879 658 368 564 430 0 166 325 4,390
Table 2a. Total numbers of nests of wading birds in the Everglades in 1993.
WS WI GE SN TC LB CE GLI BCNH GBH Total
WCA 2 and 3 0 o 1,879 658 368 564 430 0 166 325 4,390
Loxahatchee 0 0 359 121 394 759 368 0 0 75 2,076
Total, all WCAS 0 o 2,238 779 762 1,323 798 0 166 400 6,466
South of Tamiami 35 600 1,000 615 575 40 1,045 0 0 0 4,510
Trail, including·
ENP
Grand Total 35 600 3,238 1,394 1,337 1,363 1,596 o 166 400 10,376
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Figure 9. Locations of all colonies found in the Water Conservation Areas of the Everglades during 1993.
Triangles represennt colonies of more than 100 pairs, andsquares represent colonies of less than 100 pairs.
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Figure 10. Locations of all groups of I - 3 Great Blue Heron nests in the study area in
1993.
140,000
Numbers of nesting pairs
I
??
120,000
100,000
80,000
60,000
40,000
20,000
o
1934 1940 1975 1986 1987 1988 1989 1990 1991 1992 1993
Figure 11. Numbers of nesting pairs of all species of wading birds estimated to
have nested in the Everglaeds since 1934. Summarized from data in Kushlan and
White 1977, Ogden 1978, Kushlan et al. 1984, Frederick and Collopy 1988,
Bancroft 1989, Ogden (in press), and from unpublished records in files at the
National Audubon Society Research Department in Tavernier, FI.
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Figure 12. Nesting effort in 1993 by species, expressed as the proportion of
the six-year mean nesting effort in the Everglades.
(S. Jewell, pers. comm.), This gives 1993 the distinction of having the lowest proportion of
White Ibis in the breeding population that has been so far measured in the WCAs (Figure
13). The colonies that did form were relatively small in size, and usually located on the
periphery of the WCAs. L-28 colony, the two Tamiami colonies, Mud Canal, and
Andytown colonies are all either just outside the WCAs or are within 1 Ian of the edge.
Colonies in the central, and deeper parts of the WCAs were slower to start and relatively
small in size (L-67, Big Melaleuca).
Three hundred eighty nine Great Blue Heron nests were found during intensive ground
surveys in WCA 1, 3A, 3B, 2A and 2B (see Fig 10). In WCA 3 and 2, 100 of these nests
were solitary, with 99 others in aggregations of 2 or more. 25 additional nests were found in
colonies containing one or more other species of waders and one or more other Great Blue
Herons.
As a proportion of the wintering population estimated in the SRF surveys, the 1993
breeding effort was somewhat higher than most years in the record since 1986, both as a
total, and by species (Figures 14 and 15). However, this result owes much to the fact that
the peak wintering population was the smallest measured since 1986 (Figure 16).
Timing of nest iJPtiation: Most species of wading birds also initiated nesting quite late in
the season. This was most marked in Great Blue Herons, which normally begin nesting from
December through February. We found very few Great Blue nests in locations where they
would normally be in high densities, until the second week in April, when a large cohort
apparently completed clutches. Great Blue Herons continued to lay eggs into the second
week of May, which left little time to fledge offspring prior to the onset of the rainy season.
Similarly, Great Egrets spent most of February courting and often sitting on nest
platforms with no eggs. The failure of many of those nests (some, we suspect, prior to
egglaying) resulted in a second and larger cohort of nests which began in early to mid-April.
Tricolored Herons and Snowy Egrets began nesting on a more normal schedule, with
nests initiated in late March and early April. The handful of White Ibises in the WCAs
began nesting in June.
The real exception to the late initiation of nesting was the L-28 Hidden colony, at
which Great Egrets began nesting in mid-February, and Snowy and Tricolored Herons in
mid-March. This more normal timing of initiation is suspected to be linked to the ability of
these birds to feed in nearby Big Cypress National Preserve, which was relatively shallow
compared with the rest of the Everglades.
Reproductive Success: We marked 449 nests for intensive measurement of reproductive
parameters. The overall results are summarized here, but note that reproductive parameters
broken down by colony are reported in Appendix 3.
Clutch size: Great Blue Heron nests visited during ground surveys in WCA 3A and 3B in
April and May showed a mean clutch size of 3.45 (s.d. = 0.736, n = 61). There was no
significant difference in clutch size between solitary nesters (X = 3.47, n = 32, s.d. =
0.790) and those nesting in aggregations of two or greater (X = 3.41, n = 29, s.d. =
0.670). Clutch size for Tricolored Herons at frequently-monitored nests was well within the
15
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Figure 13. White Ibis nesting effort, expressed as an estimated proportion of
the total nesting effort in the past century. Summarized from data in Kushlan
and White 1977, Ogden 1978, Kushlan et al. 1984, Frederick and Collopy 1988,
Bancroft 1989, and Ogden (in press), and from unpublished information in files
at the Everglades National Park Center and the National Audubon Society Research
Department in Tavernier, Fl.
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Figure 14. Breeding effort by all species in the WCAs, expressed as a
proportion of the peak wintering numbers found in the WCAs (maximum SRF totals
between January and March).
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Figure 16. Peak totals of all species of wading birds estimated during the
January - March SRF flights, from 1986 through the present.
range reported for the interior Everglades (see Table 3). Snowy Egret clutch size was
considerably lower in 1993 than in 1992, and low for the range of clutch sizes reported for
the interior Everglades (Table 4). Great Egret clutch sizes were quite similar to other values
reported for the interior Everglades, though all Everglades clutch sizes reported to date are
generally lower than values reported in other locations (Table 5).
Nest success: In general, nest success was moderate to low in most colonies and for most
species in 1993 (Table 6). For Tricolored Herons, nest success at frequently-monitored nests
was in the middle of the range for the interior Everglades, and the low to middle part of the
range for values reported in areas outside the Everglades. For Snowy Egrets, nest success
was in the low part of the range of values reported both for the interior Everglades, and in
other locations. Great Egrets had relatively high nesting success compared with other years
in the interior Everglades and other locations outside the Everglades, which was surprising
given the generally adverse weather and water conditions during most of the season.
Although an unusually large number of Black-crowned Night Herons attempted to nest
in some colonies (notably Mud Canal, where over 400 birds were found in courtship in
March), the nests we monitored had very poor nest survival by comparison with any other
years or studies. The small number of nests we monitored at Mud Canal and Alley North
colonies cannot have been entirely representative of success of Black-crowned Night Herons
throughout the system, since we saw at least small numbers of chicks fledged at Ailey North,
Mud Canal, and Andytown colonies. Nonetheless, the majority of Black-erowns that started
at Mud Canal indeed failed.
We found no direct effect of the "storm of the century" windstorm in March on
breeding success in any of the colonies in which we were concurrently measuring nesting
success. In the L-28 Hidden colony this appeared to be pure chance, since about one third of
the cypress trees blew down, often within meters of Great Egrets (which were already
nesting on trees previously blown down by Hurricane Andrew). The L-28 Hidden colony
appeared to have good nesting success for early breeding Great Egrets, and attracted large
numbers of Tricolored Herons and Snowy Egrets to nest. Following heavy rainfall on 16
April with associated sharp increases in water level, the majority of the Snowy Egrets
abandoned nesting at L-28, and those that remained experienced severe brood reduction, and
further abandonment. Interestingly, Tricolored Herons nesting right next to the Snowy
Egrets showed relatively little abandonment or brood reduction, a pattern noted on other
occasions (Frederick et al. 1992b). We assume that differences in foraging ecology dictate
these markedly divergent responses. One hypothesis is that Snowy Egrets are seemingly
obligate social foragers, while Tricolored Herons seem to do well both with and without
foraging aggregations. The large foraging aggregations we saw in close proximity to the L-
28 Hidden colony in mid March and April dispersed in response to the rains in mid-April,
perhaps leaving the Snowy Egrets with fewer foraging opportunities.
At the L-28 colony; ~e noted evidence of predation attempts on several large nestling
Great Egrets on two occasions - these may well be have been initiated by Black or Turkey
Vultures (Coral::YPs atratus and Cathartes aura, respectively), which roost nightly in the
colony. There were also numerous instances of Tricolored Heron nest failure during
egglaying and early incubation. It is not clear what these latter failures were due to. Eggs
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Table 3. Comparison of Tricolored Heron clutch sizes found at marked nests in 1992 and
1993, with values from other studies.
Study Location Year X S.D. N
This study WCA3 1993 3.50 0.605 155
WCA3 1992 3.57 0.874 54
Loxahatchee NWR1 1992 3.50 n.a. n.a.
Frederick et Estuarine Everglades 1986 3.03 0.642 59
al. 1992 Interior Everglades 1986 3.29 0.853 78
Estuarine Everglades 1987 2.98 0.580 89
Florida Bay 1987 2.68 0.636 140
Interior Everglades 1987 3.14 0.513 209
Estuarine Everglades 1988 2.68 0.650 22
Florida Bay 1988 2.19 0.470 171
Estuarine Everglades 1989 1.90 0.520 44
Florida Bay 1989 2.00 0.390 101
Interior Everglades 1989 3.14 0.900 35
Bjork 1986 Coastal North Carolina 1984 3.00 0.13 36
1985 2.90 0.07 14
Hammatt 1981 Coastal Louisiana 1977 2.53 0.06 158
Rodgers 1978 Coastal Louisiana 1973 3.0 n.a. 99
Jenni 1969 Interior Central Florida 1960 4.1 0.11 35
Black et Interior Central Florida 1983 3.90 0.10 10
al. 1984 1983 3.77 0.17 13
1984 3.45 0.16 11
1984 3.33 0.13 15
Maxwell and Coastal Florida 1975 3.1 0.05 79
Kale 1977
Girard and Coastal Florida 1975 3.0 0.50 64
Taylor 1979
1. Data for Loxahatchee NWR are from Howard Jelks, University of Florida, and many be
used or reproduced only with permission.
Table 4. Comparison of Snowy Egret clutch sizes found at marked nests in 1992 and 1993,
with values from other studies.
Study Location Year X S.D. N
This study WCA3 1993 3.12 0.471 8
WCA3 1992 3.64 0.481 11
Loxahatchee NWR1 1992 2.80 n.a. n.a.
Frederick et Estuarine Everglades 1986 2.82 0.603 11
al. 1992 Interior Everglades 1986 2.67 0.471 48
Estuarine Everglades 1987 3.29 0.726 14
Florida Bay 1987 2.80 0.450 5
Estuarine Everglades 1988 2.99 0.662 98
Florida Bay 1988 3.50 1.432 10
Estuarine Everglades 1989 1.93 0.829 14
Interior Everglades 1989 3.57 0.590 23
Bjork 1986 Coastal North Carolina 1984 3.30 0.11 33
1985 3.20 0.31 6
Hammatt 1981 Coastal Louisiana 1977 2.70 0.06 157
Maxwell and Coastal Central Florida 1975 2.90 0.06 77
Kale 1977
Jenni 1969 Interior Central Florida 1960 3.90 0.07 102
Black et Interior Central Florida 1983 4.13 0.14 24
al. 1984 1983 4.00 0.19 11
1984 3.40 0.27 10
1984 3.37 0.14 19
Girard and Coastal Central Florida 1975 3.00 0.56 60
Taylor 1979
1. Data for Loxahatchee NWR are from Howard Jelks, University of Florida, and many be
used or reproduced only with permission.
Table 5. Comparison of Great Egret clutch sizes found at marked nests in 1993, with values
from other studies.
Study Location Year X S.D. N
This study WCA3 1993 2.62 0.672 37
Frederick and Interior Everglades 1986 2.70 0.471 48
Collopy 1988 1987 2.55 0.640 85
Bancroft and Coastal Everglades 1987 2.65 0.560 26
Jewell 1987
Hammat 1981 Coastal Louisiana 1977 2.97 0.070 60
Maxwell and Coastal Florida 1975 2.80 0.170
Kale 1977
Pratt and Coastal California 1967-1979 2.87 729
Winckler 1985
Morrison and Coastal Texas 1976 2.3
Shanley 1978
Black et ale 1984 Central Florida 1983 3.17 0.110 12
Central Florida 1983 3.02 0.080 60
Central Florida 1984 2.55 0.150 20
Central Florida 1984 2.50 0.190 8
Pratt 1972 San Francisco Bay 1967-1970 3.2 87
Wiese 1978 Coastal Delaware 3.00 29
Girard and Coastal Florida 1975 2.40 0.62 45
Taylor 1979
Table 6. Comparison of nesting success found at marked nests in 1992 in WCA 3, with other
years and locations.
Study Location Year Mayfield Traditional
Tricolored Herons
This study WCA3 1993 56.6 55.8
WCA3 1992 59.5 74.51
Frederick et Estuarine Everglades 1986 38.77
al. 1992 Interior Everglades 1986 47.30 70.36
Estuarine Everglades 1987 44.60
Florida Bay 1987 66.74
Interior Everglades 1987 66.10 76.32
Estuarine Everglades 1988 20.79
Florida Bay 1988 66.56
Estuarine Everglades 1989 5.20
Florida Bay 1989 40.04
Interior Everglades 1989 61.34
Hammatt 1981 Coastal Louisiana 1977 56.72
Jenni 1969 Interior Central Florida 1960 64.2
Maxwell and Coastal Florida 1975 79.5
Kale 1977
Rodgers 1978 Tampa Bay 1976-78 77.5
Black et Central Florida 1984-5 67.5-100
al. 1984
Snowy Eerets
This study WCA3 1993 55.90 55.80
Interior Everglades 1992 29.46 45.45
Frederick et Estuarine Everglades 1986 24.70
al. 1992 Interior Everglades 1986 71.17 89.25
Estuarine Everglades 1987 4.21
Florida Bay 1987 75.92
Estuarine Everglades 1988 57.17
Florida Bay 1988 75.92
Estuarine Everglades 1989 2.44
Table 6. (cont.)
Florida Bay 1989 16.51
Interior Everglades 1989 72.83
Hammatt 1981 Coastal Louisiana 1977 50.72
Maxwell and Coastal Central Florida 1975 71.2
Kale 1977
Jenni 1969 Interior Central Florida 1960 57.5
Black et Interior Central Florida 1983-4 54.4-100.0
al. 1984
Tea11965 Coastal Georgia 1963 37.0
Great Ee;rets
This study WCA3 1993 53.13 69.80
Frederick and Interior Everglades 1986 14.81 38.46
Collopy 1988 1987 20.6 34.75
Hammatt 1981 Coastal Louisiana 1977 78.46
Maxwell and Coastal Florida 1975 66.70
Kale 1977
Tea11965 Coastal Georgia 1963 44.0
Pratt and Coastal California 1967-1982 33.0-52.0
Winckler 1985,
Pratt 1972
Morrison and Coastal Texas 1975 35.0
Shanley 1978
Black et al. 1984 Central Florida 1983-4 7.3-76.9
Black-crowned NidJt Heron
This study
Frederick and
Collopy 1988
WCA3
Interior Everglades
Interior Everglades
1993
1992
1986
0.34 0.00
40.34 40.00
100.0
----- -- -----------~---------~----------- -----~------
Table 6. (cont.)
Hammatt 1981 Coastal Louisiana 1977 16.20
Teal 1965 Coastal Georgia 1963 87.0
Erwin and Mid-Atlantic U.S. 73.8
Custer 1982
Findholt and Eastern Canada 85.4-61.1
Trost 1985
were often covered over rather than destroyed, and we found no evidence of snakes or
mammalian predators in the colony. This evidence is consistent either with avian predation,
with removal of the eggs by predators, such as snakes, or with onspecific "nest takeovers"
(Frederick 1987, M. Coulter and A.L. Bryan pers. comm.). Coulter and Bryan noted that
conspecific aggression and nest takeovers in Wood Storks became frequent in a year with
adverse weather conditions, though the reason for this change was unclear.
Nesting attempts in other colonies did not fare even as well as the L-28 Hidden site.
Tricolored Herons and Little Blue Herons abandoned all nests at the Outer Trail colony in
western WCA 3A in late April, and we saw strong reductions in numbers of nesting birds in
the Tamiami East, Andytown, and Mud Canal colonies, apparently in response to either the
second windstorm in March, or one of several rainfall events during March and April.
Productivity of successful nests: Numbers of young produced to 21 days of age (Great
Egrets) or 14 days of age (all other species) were quite variable by species (Table 7).
Tricolored Herons had very high productivity by comparison with other values from the
Everglades, and by comparison with other studies. The reason for this high brood size is not
clear, since it did not appear to be an exceptional year for any of the other species. Snowy
Egrets, in fact, hC!d one of the lowest 14-day brood sizes reported for any location or year in
the Everglades. Great Egrets had almost exactly the same brood size in 1993 as reported for
the other two years during which they have been monitored in the interior Everglades. This
suggests that numbers of young produced is relatively invariant in Great Egrets in the interior
Everglades.
Hatchability: Table 8 and Figure 17 show the ratio of eggs hatching to eggs surviving to
hatch date (or "hatchability"), for 1986, 1987, 1992, and 1993. In these years, hatchability
has ranged from approximately 95 to 80%. In 1993, Tricolored Herons had hatching success
intermediate to other years, Snowy Egrets had high hatching success relative to other years,
and Great Egrets had relatively low hatching success. Many of the unhatched Great Egret
eggs from closely monitored nests have been collected, and will be analyzed for mercury
levels, along with a larger sample of eggs from the Everglades population, in a cooperative
monitoring effort with the U. S. Fish and Wildlife Service.
Nematode parasites:· Infection with the nematode parasite Eustron~ylides i~notus has been
shown to have strong effects on survival of nestling ardeids (Spalding and Forrester 1993),
and prevalence of the parasite in fish (by which the wading birds aquire Eustron~ylides) has
been related to water quality parameters (Spalding et al. 1993). The parasite can be detected
by noninvasive palpation (Spalding 1990), and we examined 55 Great Egret nestlings in
1993. These nestlings were predominantly from the Tamiami East, L-28 Hidden, and Mud
Canal colonies, and showed an infection rate of 38%. This rate seems high by comparison
with a 12% infection rate found during the period from 1987 - 1990 (Spalding et al. 1993),
and is similar to the 37% infection rate found during an epizootic at the West Palm Beach
Solid Waste Authority in 1989.
We made no attempts to identify foci of infection in prey fishes, but suspect that
infected sites or infected fish must have been widespread in 1993. This is both because
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Table 7. Comparison of numbers of young per successful nest, found in nests marked for
study in 1992 and 1993 in WCA 3.
Study Location Year X S.D. N
Tricolored Herons
This study WCA3 1993 2.84 0.898 143
WCA3 1992 2.76 0.851 37
Frederick et Estuarine Everglades 1986 2.28 0.665 50
aI. 1992 Interior Everglades 1986 2.57 0.725 71
Estuarine Everglades 1987 2.42 0.575 19
Florida Bay 1987 2.29 0.681 233
Interior Everglades 1987 2.67 0.753 201
Estuarine Everglades 1988 2.08 0.641 13
Florida Bay 1988 1.93 0.664 137
Estuarine Everglades 1989 2.00 0.378 14
Florida Bay 1989 1.79 0.502 14
Interior Everglades 1989 1.92 0.845 26
Snowy Egrets
This study WCA3 1993 1.93 0.929 15
Interior Everglades 1992 2.40 0.800 5
Frederick et Estuarine Everglades 1986 2.00 0.000 5
al. 1992 Interior Everglades 1986 2.48 0.786 9
Estuarine Everglades 1987 2.75 0.126 4
Florida Bay 1987 2.0 1.00 7
Estuarine Everglades 1988 1.85 0.667 13
Florida Bay 1988 2.47 0.499 15
Interior Everglades 1989 2.32 1.04 22
Great E&rets
This study WCA3 1993 1.87 0.622 108
Frederick and Interior Everglades 1986 1.87 0.515 39
Collopy 1988 1987 1.89 0.610 65
Table 8. Hatchability' of eggs in marked nests in WCA 3 in 1992 and 1993.
Tricolored Little Snowy White Black- Great
Heron Blue Egret Ibis crowned Egret
Heron Night
Heron
Nests
monitored
in 1993 173 n.a. 17 n.a. n.a. 113
1992
hatchability 0.821 0.801 0.885 0.916 0.700 n.a.
1993
hatchability 0.908 n.a. 0.943 n.a. n.a. 0.875
1986
hatchability 0.897 0.900 0.937 0.888 n.a. 0.935
1987
hatchability 0.949 0.964 n.a. 0.972 n.a. 0.967
1. number of eggs hatching/number of eggs surviving to hatch.
Hatchability
1 i ,
0.95
0.9
0.85
0.8
Great Egret Tricolored Heron Snowy Egret White Ibis
~~m 1986 [ill 1987 0 1992 till 1993
Figure 17. Hatchability (eggs hatching/eggs surviving to hatch date) between
1986 and 1993, by species.
water levels were high and fish would not have been concentrated into isolated sites, and
because Great Egrets from the colonies in question foraged in a dispersed and solitary
fashion in 1993. This level of infection could have had important effects on the health and
survival of nestlings of any of the fish-eating species, and may have contributed to the very
low productivity of Snowy Egrets, which seem to be particularly likely to aquire the parasite
(Spalding et al. 1993). It is puzzling that we did not identify any Eustron&ylides in the fish
collected in regurgitant samples from Great Egrets in 1993 (see below under food habits).
The regurgitant samples were collected from the same colonies as those in which the
palpations were done, and a high proportion of the fish examined in the regurgitant were in a
fresh enough condition to assess for parasites.
Foraging Dispersion: Very few birds were noted on the ground foraging during colony
survey flights, and feeding aggregations were extremely rare throughout the season. During
our colony survey flights, foraging aggregations were found only in the northwestern comer
of WCA 3A and northern Holey Land on the March surveys, on the border between WCA
2A and 2B in February, along the western border of WCA 3A from L-28 Tieback northward
and in extreme northern WCA 2A in May, and in extreme northwestern WCA 3 north of
Alligator Alley, and extreme northern WCA 2A in June. These in general are the same
foraging areas identified during the SRF flights.
Table 9 shows a breakdown of the species we followed from colonies to foraging
locations, and Figures 18 - 20 summarize the foraging locations of all birds followed. The
majority of birds that we followed were in egglaying, incubation, and to a lesser extent,
nestling-tending stages. The general pattern was for birds nesting inside the bounds of the
WCAs to fly outside in order to feed. Nearly all of the Great and Snowy Egrets from L-28
Hidden colony foraged in eastern Big Cypress National Preserve, particularly at culverts
along Tamiami Trail and the road to Dade/Collier Transition and Training Airport, and to
locations inside Loop Road and in the Lostman's Slough drainage. Many of these places did
have large foraging flocks of several hundred ibises and groups of up to one hundred Wood
Storks in early to mid-March. We also noted a high proportion of juvenile Wood Storks
from early February onward in this area, probably a result of last year's successful nestings
in south Florida. Of 9 groups of Wood Storks totalling 68 birds, half were juveniles.
Great and Snowy Egrets from the Tamiami East colony in general flew east and south
to foraging locations in Northeast Shark Slough, in the melaleuca forests to the east of
Krome Avenue, and the buffer strip marshes to the east of Krome Avenue and north of
Tamiami Trail (Figure 18). Great Egrets from Mud Canal colony (Figure 19) flew to
locations to the east of SR 27, with occasional flights in nearly all other cardinal directions.
Great Egrets followed from Andytown colony foraged in general relatively close to the
colony (Figure 20), although additional observations of birds from an 8-meter portable tower
suggested that a sizeable proportion of birds were flying to the northeast, probably to WCA
2. Great Egrets from L-67 colony in general had quite long foraging flights, and foraged in
locations scattered throughout the Pocket, WCA 3B, WCA 3A and even northern Lostman's
Slough (Figure 20).
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Table 9. Habitat use by birds followed from colonies to foraging areas in 1993. Habitat categories are nonoverlapping, habitat
use is expressed as the proportion of birds followed.
Colony boat dense sparse wet willow tree other soanng bum
Species' N canal trail grass grass prairie head island lost powerline N.A.2 cypress
GE andytown 15 0.067 0.0 0.0 0.13 0.53 0.13 0.0 0.13 0.0 0.0 0.0 0.0 0.0 0.0
SE Hidden 12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
GE Hidden 30 0.0 0.0 0.0 0.03 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.67
GE L-67 17 0.0 0.0 0.0 0.35 0.47 0.12 0.0 0.06 0.0 0.0 0.0 0.0 0.0 0.0
GE Mudcanal 19 0.0 0.0 0.0 0.11 0.56 0.0 0.0 0.33 0.0 0.05 0.0 0.0 0.0 0.0
TC Mudcanal 7 0.0 0.0 0.0 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GE TTE 28 0.167 0.0 0.0 0.0 0.56 0.0 0.11 0.11 0.0 0.0 0.0 0.0 0.0 0.06
Total followed 128
1. GE = Great Egret, SE = Snowy Egret, TC = Tricolored Heron
2. N.A. = habitat category not available
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Figure 18. Foraging locations of Great Egrets (squares) and Snowy Egrets
(triangles) from the L-28 Hidden and Tamiami East colonies (light triangles) in
March and April of 1993.
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Figure 19.Foraging locations of Great Egrets followed from the Mud Canal colony
in eastern WCA 3 during March and April of 1993.
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Figure 20. Foraging locations of Great Egrets followed from the Andytown (small
triangles) and L-67 (squares) colonies during March and April of 1993.
Food Habits: We collected 21 regurgitated boluses from Great Egret nestlings, and 18 from
Tricolored Heron nestlings from Tamiami East, Frog City South, Frog City North, and
Hidden/L28 colonies from nest visitation trips in April and May. The contents of these
boluses are summarized in Figures 21 and 22, arid listed in Appendix 3.
Great Egret boluses were composed primarily of sunfishes and bass (Centrarchidae,
58% of biomass, in over 82% of samples). Second and third in importance, both in biomass
and frequency, were cichlids, and pike killifish (Bellenesox belizanus), together constituting
32% of the biomass, and occurring in over 57% of boluses. Although smaller native fishes
such as flagfish (Jordanella floridae) and several species of killifishes (primarily Fundulus
chr.ysotus) were found in approximately 20% of the boluses, they represented a small amount
of the biomass consumed.
Tricolored Heron boluses were much more heavily represented by smaller native
fishes, less by centrarchids, and exotic species. Killifishes (primarily Fundulus chr.ysotus)
constituted over 40% of biomass and occurred in over 40% of samples. Mosquitofish
(Gambusia holbrooki) made up over 22% of biomass, and were found in over 30% of
samples. Although flagfish were the most commonly found prey item (occurring in over
58% of samples), they constituted less than 5% of the total biomass.
Fora~in~ behavior: We observed a total of 222 birds foraging during the 1993 season (Table
10) at a variety of locations in and around the Water Conservation Areas (Figure 23). The
locations included cypress slough habitat in Big Cypress National Preserve, canal edges in
WCA 3, wet prairie and slough habitat in WCA 3 and northeast Shark Slough, melaleuca
forests east of WCA 3, wet prairie/cypress slough interface in the Gap area of WCA 3, and
wet prairie in northern WCA 2a.
Table 10. Summary of foraging observations from February through June of 1993.
Species Probes or
Number Seconds Strikes/ Captures/ Capture
watched watched': minute minute efficiency:
Great Egret 116 534 0.30 0.70 0.50
(445) (6.09) (4.25) (0.40)
Snowy Egret 49 308 1.70 0.40 0.30
(298) (2.15) (0.52) (0.38)
Wood Stork 39 282 10.10 0.30 0.10
(81) (6.53) (0.34) (0.19)
White Ibis 18 154 29.50 0.40 0.10
(85) (17.50) (0.64) (0.17)
1. Mean (s.d.)
2. Captures per probe or strike
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Great Egrets
(n = 21 boluses)
Proportion of total
Centrarchidae
Fundulus sp.
Poecilia lattipinna
Jordanella floridae
Gambusia holbrooki
Heterandria formosa
Cichlidae
Bellenesox belizanus
All exotics
crayfish
other invertebrates
o 0.2 0.4 0.6 0.8
D Biomass Frequency
Figure 21. Summary of prey items identified from 21 boluses regurgitated by
Great Egret chicks in 1993.
Tricolored Herons
(n = 18 boluses)
Proportion of total
Centrarchidae
Fundulus sp.
Poecilia lattipinna
Jordanella tloridae
Gambusia holbrooki
Heterandria formosa
Cichlidae
Bellenesox belizanus
All exotics
crayfish
other invertebrates
o 0.2 0.4 0.6 0.8
D Biomass Frequency
Figure 22. Summary of food identified in 18 regurgitated boluses from Tricolored
Herons in 1993.
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Figure 23. Locations of all observations of wading bird foraging behavior
in 1993 (triangles).
We were able to include airboat trails, canals, rocky, sandy, and peat soils, and a
variety of water temperatures in the foraging situations. The sample size is largest and
habitats were most diverse for Great Egrets, and much less so for White Ibises and Wood
Storks. Wood Storks were observed only in eastern Big Cypress National Preserve. Most of
the Great Egrets were observed foraging solitarily, and social foraging situations were
limited to a few opportunities in northern WCA 2a, and eastern Big Cypress. As can be
imagined, the 1993 season offered only a partial cross section of the combinations of species,
water depth, temperature, and habitat associations that we wish to explore; for this reason,
full analysis of this data set will have to await at least another year of data. However, some
features of foraging behavior in 1993 can be compared with other studies.
Foraging behavior is portrayed in a summarized fashion in Table 10, and compared with
findings in other locations in Figures 24 and 25. A compendium of the 1993 data and
findings from other studies is more explicitly broken down in Appendix 4.
Great Egrets: The most obvious thing about Great Egret foraging in the WCAs in 1993 is
the very high variability among individual observations, in all measures except strike success
(Figure 24). This is likely due to the fact that we encompassed so many habitats - all of the
studies that we compare our data with, were in relatively monomorphic habitats - grass flats
on Lake Okeechobee, mudflats in Tampa Bay, and fish ponds in Georgia. By comparison
with these studies, we found a low striking rate, although the large variance does not allow a
direct comparison with the other studies. The capture rate and the striking efficiency of
Everglades Great Egrets were similar to the other studies; no other studies have reported
caloric intake rates and direct comparisons are not possible.
Wood Storks: With the exception of capture rate, we found no comparisons in the literature
for the other parameters measured (Figure 24). By comparison with ponds designed for
foraging Wood Storks in east-central Georgia (Kathwood), the capture rates we found were
quite similar. However, the Georgia ponds were stocked with relatively large prey, which
might depress the rate of capture. By comparison with the rate of capture reported by Kahl
(1964) in west-central Florida, the 1993 Everglades capture rates are quite low. It is not
clear if Kahl reported the figure because it was particularly high, or considered in the normal
range.
Snowy Egrets: Nearly all features of Snowy Egret foraging behavior suggest that the
locations in which we watched them were well below optimal (Figure 25). The Everglades
strike rates and capture rates are well below those reported in nearly all other studies, and
the strike success was the lowest yet reported for Snowy Egrets. No comparisons exist for
caloric intake rates except for the congeneric Little Egret (Egretta garzetta) in Europe.
Intake rates for the latter species are quite high by comparison with Snowy Egrets in the
Everglades in 1993.
White Ibises: By comparison with studies in coastal South Carolina, White Ibises in the
Everglades showed a higher probing rate, a lower capture rate, and substantially more probes
per capture (Figure 24). These comparisons reinforce what seemed obvious from aerial
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Figure 25 (above). Foragingbehaviorof Snowy Egrets observed in the Everglades
in 1993, compared with similar measures found in other studies in other
locations.
Figure 24 (facing page). Foragingbehavior of Great Egrets, White Ibises, Wood
Storks, and Tricolored Herons in the Everglades in 1993, compared with other
studies in other locations.
surveys and nesting responses - that 1993 presented very poor foraging conditions for White
Ibises generally, and that they were expending a lot of energy for very little in the way of
food.
Tricolored Herons: The few (n = 4) Tricolored Herons that we watched showed relatively
high striking rates, and intermediate capture rates and striking efficiency, by comparison with
other studies (Figure 24). The small sample size makes our conclusions tentative, but the
data suggest that unlike the Snowy Egrets, Tricolored Herons were able to feed at rates in
the range displayed in other successful breeding situations. The difference between
Tricolored and Snowy breeding success is probably a reflection of their relative abilities to
procure food.
Food Deliveries to young: In 1992 and 1993, the parental birds at all six of the nests we
watched (1 White Ibis, 1 Tricolored Herons, 2 Little Blue Herons, and 2 Great Egrets)
returned to their nests and fed and brooded chicks. The White Ibis nest in the Tamiami West
colonly was not monitored after 4 days, but appeared to successfully fledge two chicks. At
the Tricolored Heron and Little Blue Heron nests in Big Pond NE colony, deliveries of food
declined rapidly (rom initial values, to the point that both nests failed by the seventh day of
observation. Since the majority of nests in the colony (Big Pond NE) also failed at that time,
it is likely that the failures were part of a general inability of the adult birds to find food,
rather than an effect of the nest scales. At the time of failure in early July, most nesting had
ceased in the freshwater Everglades, and water levels were rapidly rising. These conditions
are likely to result in poor foraging conditions for virtually all species.
In 1993, the use of the electronic balance appeared to be a qualified success. Figure 26
shows a typical feeding sequence recorded from the first of two nests monitored. At this
nest, feeding behavior appeared normal, and two chicks were fledged despite nine inches of
rainfall during the second week of age. Because the scale was improperly sealed, the heavy
rainfall caused it to short and fail. Using a redesigned case, we placed the scale under a
second nest four days later. At this second nest, the adult birds persisted in adding large
amounts of nesting material on each of the days that we monitored their behavior. On one
morning, 45 sticks were added in 30 minutes. This nest-building behavior may have been a
response to the re-mounting of the nest on the electronic balance, or it may have been due to
the relative instability of the redesigned balance case and platform. The addition of nesting
material unfortunately mimicked deliveries of prey quite well, and the use of this system for
remote monitoring will require further validation. The adults did feed their chicks at the
second nest, however, and two chicks were fledged. At all nests, we noted large changes in
mass of nests that resulted from rainfall wetting, and drying of the nest. This indicates that
pre-feeding and post-feeding measurements of the mass of the nest must be within
approximately 20 minutes of each other under conditions of most extreme wetting and
drying.
Taken together, the results suggest that the nest scale technique shows promise for the
monitoring of food deliveries. The automation of the technique will still require more field
testing, however, particularly in interpreting the changes in mass at the nest in response to
parental behavior.
21
1.931
- parent plus chicks
and nest
~
-o
>
8.838
8.731
Calibration check
........./ .
1.631
pre-feeding weight
of unattended chicks
and nest \
post-feeding weight of
chicks and nest
without parent
1--.....---
8.531
86/13/93
87:23:83
86/13/93
88:18:83
86/13/93
88:56:83
Figure 26. An example of the response of the nest scale to mass changes at the nest of a
Great Egret in Frog City South colony. Voltage (proportional to mass) is shown in relation
to time. The difference in nest weight immediately before and after the food delivery at
approximately 08:30hrs is 44.9 grams, the mass of the prey delivered.
DISCUSSION
The breeding response in 1993 was dramatically opposite to that witnessed in 1992,
though not surprising in light of the extreme water and weather conditions. The extremely
high water throughout the season, and almost complete lack of drying trend were the
dominant characteristics of 1993, and were alone enough to predict poor nesting (Kushlan
1976a, Kushlan et al. 1975, Powell 1987, Frederick and Collopy 1989a, Frederick and
Loftus 1993). However, the 1993 season also produced very windy conditions, which also
are suspected to adversely affect wading bird foraging success and reproductive success
(Frederick and Loftus 1993). Everything about the breeding season was to some extent
expected from these variables - reduced breeding effort by most species, very few birds using
the system during the winter months, birds foraging only in the shallow fringes of the
system, late breeding and poor to mediocre breeding success. The presumed mechanism for
poor breeding is poor availability of food, both because water was too deep for foraging in
much of the ecosystem for much of the season, and because of the lack of drying trend,
which concentrates prey. This is reinforced by the comparison of foraging behavior across
species - those species which nested successfully and in more than token numbers (Great
Egrets, Tricolored Herons) showed foraging success that was similar to reports from other
studies, while those that did not nest or nested unsuccessfully (Snowy Egrets, White Ibises,
and perhaps Wood Storks) showed foraging successes that are reduced by comparison with
other studies.
The results from 1993 emphasized the differences among species in reproductive needs.
Wood Storks and White Ibises were so adversely affected that they did not even forage in
most of the ecosystem. Snowy Egrets were attracted to nest in small numbers, but failed
rather dramatically as soon as water began to rise in the shorter hydroperiod areas of Big
Cypress in mid-April. Although Great Egrets and Tricolored Herons have been found to be
sensitive to rising water conditions in other years (Frederick and Collopy 1989a), these
species apparently weathered the same conditions that caused Snowy Egrets to abandon
nesting and in fact these species had reasonably good reproductive success.
The foraging dispersion studies we performed indicated that what little breeding and
reproductive success did occur, was almost entirely dependent upon short hydroperiod
wetlands outside the WCAs. The vast majority of the foraging we found was outside the
bounds of the Water Conservation Areas, often in areas rarely used by breeding wading birds
in previous years. The general lack of foraging inside the bounds of the WCAs was
documented in detail by the SRF surveys (see 1993 SRF report to South Florida Water
Management District). The foraging choices made by wading birds during 1993 confirm that
short hydroperiod marshes even well outside the WCAs are critical to providing foraging
habitat during high water years such as 1993, as well as during the early breeding season and
reversals in declining water trend during more normal years.
There was no evidence that Hurricane Andrew had any effect upon the breeding
responses observed in 1993, or at least, any effects of the hurricane were masked by the
extreme water conditions. Although we did not survey wading birds in central Shark Slough
in Everglades National Park, anecdotal reports from pilots and other biologists indicate that
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very little foraging went on there during the breeding season, and that breeding was reduced
in most locations.
The high percentage of Great Egret chicks which were positive for the Eustron&ylides
parasite in 1993 is cause for some concern. The level observed is consistent with one or
more foci of infected fish available to Great Egrets in the southern WCA 3 area. Given the
almost nonoverlapping foraging distributions of Great Egrets from the L-28 Hidden, Mud
Canal, and Tamiami East colonies, it is likely that there are multiple foci of infection. Given
the severe effects of Eustron&ylides on survival and reproduction of herons (Spalding and
Forrester 1993), the level of infection observed may have had a measurable effect upon this
year's reproductive success. This is the first time that a broad, nonfocal pattern of infection
has been inferred in the WCAs, and the situation seems to warrant future monitoring and
investigation.
Perhaps the only other significant result from 1993 was that we consistently noted exotic
fish species in the regurgitant samples of herons from L-28 Hidden, Frog City North and
South, and Tamiami East colonies. In the case of Great Egrets, exotic species accounted for
over 32% of the biomass and were found in 58% of the boluses. These findings are
compatible with frequent observations of cichlids and pike killifish in schools, and building
nests at many marsh locations in northeastern Shark Slough and southern WCA 3. Mayan
Cichlids were probably the most common species of cichlid seen outside of canals, and were
particularly common south of Rt 41, and in the mangrove interface in the stairstep area. We
found pike killifish at a number of new locations for the species in 1993, notably southern
WCA 3 and the jetport area. It is likely that the very high water levels have helped exotic
species to colonize new areas in 1993.
The effect of the exotics on wading birds is unknown. The cichlids and the pike
killifish appear to be appropriate food for wading birds. All of the fish species appear to be
palatable to Great Egrets and Tricolored Herons; none of them show extra spines, bones,
armorment, toxins, or slimes that would make them difficult to handle or swallow. In the
case of the pike killifish, almost no spines are presented, and the size and elongate shape
relative to mass of adults seems perfect for both adult and young wading birds. The pike
killifish, and many of the cichlids are native to wetlands of Central America, and co-occur
with most of the species of wading birds in the Everglades. Many of these species of birds
are in fact known to forage on cichlids in those wetlands (Ramo and Busto 1992).
Many of the cichlids are aggressive competitors with native fishes, and appear to have
dominated or replaced much of the native piscifauna in parts of the Everglades. Many of the
exotic species are also susceptible to freezes, however, and if a hard freeze means mass
mortality of exotics, it could spell unexpected reproductive failure for the wading birds which
become dependent upon that food source. It is also unknown whether the introduction of
exotic species of fishes will ultimately mean larger, smaller, or similar biomass of prey for
wading birds. It is possible that while some exotic species will outcompete natives for
particular niches, other exotic species might be able to fill niches that are currently vacant.
Since the outcome of such scenarios could have a very large effect upon the fate of breeding
wading birds, a study of the community ecology of exotic fishes in the Everglades should be
made a top priority.
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Appendix 1. Formulae and definitions for calculating nesting success using the Mayfield
method. Derivations for formulae are in Hensler and Nichols (1981) and Hensler (1985).
K = number of nests observed
Y = a random variable taking the value of 1 if the Kth nest is successful
T = a random variable denoting the number of days the kth nest was observed until it
succeeded or failed.
E = the total exposure days ( T)
p = the daily nest survival rate
j = the number of days in the given nesting period (i.e., incubation, nestling, total, etc.)
Daily survival rate (P) =
Variance of p (v) =
K-Y1 -(-------)T
Survival for period (Pj) = (py
. .. p(l_p)(jpi-l)2
Vanance of PJ (vJ)= ------f------
Overall probability of nesting success:
P = (Plyl<P2y2<PJy3....... (pJik
Overall variance of P (V):
For two periods, V2 = «Pjl)2vj2)+«P1)2vjl)+(Vjl Vj2)
For three periods, V3 = «Pjl pj2)2 Vj3) + «Pj3)2V2) + (V2Vj3)
Standard deviations for each period or rate are simply:
Z - statistic used to test for statistical differences between nesting success estimates (Hensler
1985.
Appendix 2. Reproductive statistics collected at marked. re~ularly visited nests in 1993.
Table 1. Reproductive statistics for Great Egrets at all colonies studied in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 149 147
Nest-days 1831.5 2516
failures 35 11
Daily nest 0.980888 0.995627
success (s.d.) 0.003199 0.001315
Period nest 0.582579 0.912092
success (s.d.) 0.053205 0.017395
Overall nest 0.531366
success (s.d.) 0.034833
Nests failing 49
Nests surviving 113
Traditional nest success 0.698
X S.D. N
Clutch size 2.62 0.672 37
Young/successful 1.87 0.622 108
nest
nests eggs
Hatchability 0.875 113 311
Appendix 2.
Table 2. Reproductive statistics for Great Egrets at Alley North colony in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 15 11
Nest-days 167 225
failures 4 0
Daily nest 0.976047 1
success (s.d.) 0.011831 0
Period nest 0.507214 1
success (s.d.) 0.172158 0
Overall nest 0.507214
success (s.d.) 0.087321
Nests failing 4
Nests surviving 10
Traditional nest success 0.714
X S.D. N
Clutch size 2.67 0.699 15
Young/successful 2.1 0.7 10
nest
nests eggs
Hatchability 0.938 11 32
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Table 3. Reproductive statistics for Great Egrets at Frog City North colony in 1993.
Mayfield nest success estimates:
Period
Nests
Nest-days
failures
Daily nest
success (s.d.)
Period nest
success (s.d.)
Overall nest
success (s.d.)
Nests failing
Nests surviving
Traditional nest success
Incubation
8
176.5
5
0.971671
0.012488
0.447243
0.160946
0.336091
0.180026
6
6
0.50
Nestling
10
74
1
0.986486
0.013421
0.751473
0.214711
X S.D. N
Clutch size 2.13 0.781 8
Young/successful 1.83 0.373 6
nest
nests eggs
Hatchability 0.8 2 5
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Table 4. Reproductive statistics for Great Egrets at Frog City South colony in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 23 25
Nest-days 361.5 440
failures 4 5
Daily nest 0.988934 0.988636
success (s.d.) 0.005501 0.005053
Period nest 0.732313 0.786625
success (s.d.) 0.114075 0.084430
Overall nest 0.576056
success (s.d.) 0.107156
Nests failing 9
Nests surviving 19
Traditional nest success 0.679
X S.D. N
Clutch size 2.69 0.722 13
Young/successful 1.95 0.686 19
nest
nests eggs
Hatchability 0.857142 19 49
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Table 5. Reproductive statistics for Great Egrets at Hidden/L28 colony.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 39 35
Nest-days 486.9 537
failures 3 1
Daily nest 0.993838 . 0.998137
success (s.d.) 0.003546 0.001860
Period 'nest 0.841092 0.961613
success (s.d.) 0.084035 0.037640
Overall nest 0.808805
success (s.d.) 0.079473
Nests failing 4
Nests surviving 19
Traditional nest success 0.826
-X S.D. N
Clutch size 2.72 0.552 39
Young/successful 1.74 0.440 19
nest
nests eggs
Hatchability 0.955 32 89
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Table 6. Reproductive statistics for Great Egrets at Mud Canal colony in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 27 24
Nest-days 349 415.5
failures 8 5
Daily nest 0.977077 0.987966
success (s.d.) 0.008010 0.005349
Period nest 0.522409 0.775505
success (s.d.) 0.119928 0.088175
Overall nest 0.405130
success (s.d.) 0.093343
Nests failing 12
Nests surviving 15
Traditional nest success 0.556
X S.D. N
Clutch size 2.37 0.554 27
Young/successful 1.67 0.471 15
nest
nests eggs
Hatchability 0.776 20 49
._--------~-~ _~~-~ ~--------~-_._-------
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Table 7. Reproductive statistics for Great Egrets at Tamiami Trail East colony in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 40 52
Nest-days 290.5 824.5
failures 14 7
Daily nest 0.951807 0.991510
success (s.d.) 0.012565 0.003195
Period nest 0.250825 0.836063
success (s.d.) 0.092719 0.056580
Overall nest 0.209706
success (s.d.) 0.052973
Nests failing 21
Nests surviving 44
Traditional nest success 0.677
X S.D. N
Clutch size 2.75 0.536 40
Young/successful 1.67 0.667 45
nest
nests eggs
Hatchability 0.839 31 87
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Table 8. Reproductive statistics for Snowy Egrets at all colonies studied in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 316 22
Nest-days 5035.5 253
failures 94 3
Daily nest 0.981332 0.988142
success (s.d.) 0.001907 0.006805
Period nest 0.660627 0.846199
success (s.d.) 0.028248 0.081588
Overall nest 0.559022
success (s.d.) 0.071555
Nests failing 122
Nests surviving 154
Traditional nest success 0.558
X S.D. N
Clutch size 3.12 0.471 17
Young/successful 1.93 0.929 15
nest
nests eggs
Hatchability 0.943 17 53
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Table 9. Reproductive statistics for Snowy Egrets at Alley North colony in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 24 4
Nest-days 241 28
failures 10 0
Daily nest 0.958506 1
success (s.d.) 0.012846 0
Period nest 0.393630 1
success (s.d.) 0.116063 0
Overall nest 0.393630
success (s.d.) 0.045686
Nests failing 9
Nests surviving 2
Traditional nest success 0.182
X S.D. N
Clutch size 3.0 0.687 5
Young/ successful 2.0 0.0 1
nest
nests eggs
Hatchability 0.417 4 12
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Table 10. Reproductive statistics for Snowy Egrets at Hidden/L28 colony in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 58 13
Nest-days 682.5 170
failures 43 3
Daily nest 0.936996 0.982352
success (s.d.) 0.009300 0.010098
Period nest 0.238909 0.779373
success (s.d.) 0.052169 0.112163
Overall nest 0.186199
success (s.d.) 0.088495
Nests failing 46
Nests surviving 12
Traditional nest success 0.207
X S.D. N
Clutch size 3.10 0.300 10
Young/successful 1.75 0.924 12
nest
nests eggs
Hatchability 1.226 10 31
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Table 11. Reproductive statistics for Snowy Egrets at Tamiami Trail East colony in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 27 5
Nest-days 375 55
failures 16 0
Daily nest 0.957333 1
success (s.d.) 0.010436 0
Period nest 0.383168 1
success (s.d.) 0.091898 0
Overall nest 0.383168
success (s.d.) 0.035212
Nests failing 17
Nests surviving 2
Traditional nest success 0.105
X S.D. N
Clutch size 3.50 0.5 6
Young/successful 3.00 0.0 2
nest
nests eggs
Hatchability 0.882 5 17
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Table 12. Reproductive statistics for Tricolored Herons at all colonies studied in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 316 176
Nest-days 5035.5 2270.5
failures 94 25
Daily nest 0.981332 0.988989
success (s.d.) 0.001907 0.002190
Period nest 0.660627 0.856410
success (s.d.) 0.028248 0.026549
Overall nest 0.565767
success (s.d.) 0.029424
Nests failing 122
Nests surviving 154
Traditional nest success 0.558
X S.D. N
Clutch size 3.50 0.605 155
Young/successful 2.84 0.898 143
nest
nests eggs
Hatchability 0.908 173 589
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Table 13. Reproductive statistics for Tricolored Herons at Alley North colony.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 37 17
Nest-days 440.5 212
failures 11 2
Daily nest 0.975028 0.990566
success (s.d.) 0.007434 0.006639
Period nest 0.573296 0.875725
success (s.d.) 0.096170 0.082173
Overall nest 0.502050
success (s.d.) 0.090998
Nests failing 12
Nests surviving 14
Traditional nest success 0.538
X S.D. N
Clutch size 2.94 0.62 18
Young/successful 2.38 0.738 13
nest
nests eggs
Hatchability 0.808 17 52
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Table 14. Reproductive statistics for Tricolored Herons at Frog City South colony in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 66 42
Nest-days 1110.5 549
failures 24 10
Daily nest 0.978388 0.981785
success (s.d.) 0.004363 0.005707
Period nest 0.618366 0.773089
success (s.d.) 0.060673 0.062918
Overall nest 0.478052
success (s.d.) 0.061548
Nests failing 35
Nests surviving 31
Traditional nest success 0.470
X S.D. N
Clutch size 3.19 0.461 36
Young/successful 2.55 0.820 33
nest
nests eggs
Hatchability 0.884 41 129
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Table 15. Reproductive statistics for Tricolored Herons at Hidden/L28 colony in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 130 82
Nest-days 2099 1027.5
failures 43 13
Daily nest 0.979514 0.987347
success (s.d.) 0.003091 0.003486
Period nest 0.634212 0.836725
success (s.d.) 0.044042 0.041368
Overall nest 0.530661
success (s.d.) 0.044515
Nests failing 13
Nests surviving 60
Traditional nest success 0.822
X S.D. N
Clutch size 3.73 0.622 74
Younglsuccessful 2.98 1.008 64
nest
nests eggs
Hatchability 0.892 82 297
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Table 16. Reproductive statistics for Tricolored Herons at Mud Canal colony in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 6 0
Nest-days 63.5 0
failures 0 0
Daily nest 1
success (s.d.) 0
Period nest 1
success (s.d.) 0
Overall nest N.A.
success (s.d.) N.A.
Nests failing 0
Nests surviving 0
Traditional nest success N.A.
X S.D. N
Clutch size 3.17 0.373 6
Young/successful N.A. N.A. 0
nest
nests eggs
Hatchability N.A. 0 0
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Table 17. Reproductive statistics for Tricolored Herons at Tarniarni East colony in 1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Nests 56 35
Nest-days 947.5 482
failures 15 0
Daily nest 0.984168 1
success (s.d.) 0.004055 0
Period nest 0.703933 1
success (s.d.) 0.063809 0
Overall nest 0.703933
success (s.d.) 0.044917
Nests failing 16
Nests surviving 33
Traditional nest success 0.673
X S.D. N
Clutch size 3.44 0.497 34
Young/successful 3.03 0.627 33
nest
nests eggs
Hatchability 0.958 35 119
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Table 18. Reproductive statistics for Black-crowned Night Herons at all colonies studied in
1993.
Mayfield nest success estimates:
Period
Incubation Nestling
Incubation Nestling
Nests 8 1
Nest-days 71.5 8
failures 7 1
Daily nest 0.902097 0.875
success (s.d.) 0.035145 0.116926
Period nest 0.055860 0.060557
success (s.d.) 0.060936 0.169939
Overall nest 0.003382
success (s.d.) 0.014991
Nests failing 8
Nests surviving 0
Traditional nest success 0
X S.D. N
Clutch size 2.88 0.331 8
Younglsuccessful N.A. N.A. 0
nest
nests eggs
Hatchability N.A. 0 0
Appendix 3. Relative importance of prey items in boluses regurgitated by nestling Great Egrets
and Tricolored Herons in 1993.
Great Egrets Tricolored Herons
Colonies Colonies
all 1.67 FCN FCS Hidden TIE all TIE Alley N Hidden FCS
n boluses 21.00 1.00 4.00 2.00 6.00 8.00 18.00 1.00 1.00 14.00 1.00
animals per mean 6.64 8.00 7.75 6.50 7.33 6.13 11.44 11.00 24.00 6.93 71.00
bolus s.d. 4.83 0.00 5.56 4.95 5.39 5.11 15.80 0.00 0.00 3.73 0.00
mass of mean 47.96 46.40 54.10 77.20 33.70 83.69 149.04 6.30 9.75 8.66 10.27
boluses s.d. 32.13 0.00 40.39 61.38 30.15 63.51 6.22 0.00 0.00 5.89 0.00
Relative importance ofprey items
Osteichthys:
Unknown biomass 71.09 0.00 11.59 8.00 24.00 27.50 3.70 3.70
fish proportion of total biomass 0.07 0.00 0.10 0.06 0.10 0.06 0.02 0.00 0.00 0.03 0.00
sample occurrence 10.00 0.00 3.00 1.00 3.00 3.00 3.00 3.00
proportion of samples 0.48 0.00 0.75 0.50 0.50 0.38 0.17 0.00 0.00 0.21 0.00
Unknown biomass 184.80 13.60 11.80 93.60 65.80 0.00
Centrarchids proportion of total biomass 0.18 0.29 0.10 0.00 0.52 0.13 0.00 0.00 0.00 0.00 0.00
sample occurrence 12.00 1.00 2.00 4.00 5.00 0.00
proportion of samples 0.57 1.00 0.50 0.00 0.67 0.63 0.00 0.00 0.00 0.00 0.00
Lepomis biomass 12.80 4.00 3.00 5.80 2.50 2.50
macrochirus proportion of total biomass 0.01 0.00 0.03 0.00 0.01 0.01 0.02 0.40 0.00 0.00 0.00
sample occurrence 3.00 1.00 1.00 1.00 1.00 1.00
proportion of samples 0.14 0.00 0.25 0.00 0.17 0.13 0.06 1.00 0.00 0.00 0.00
Lepomis biomass 49.10 42.30 6.80 0.00
microloohus proportion of total biomass 0.05 0.00 0.00 0.32 0.00 0.01 0.00 0.00 0.00 0.00 0.00
sample occurrence 2.00 1.00 1.00 0.00
proportion of samples 0.10 0.00 0.00 0.50 0.00 0.13 0.00 0.00 0.00 0.00 0.00
Great Egrets Tricolored Herons
Colonies Colonies
all L67 FCN FCS Hidden TIE· all TIE Alley N Hidden FCS
Lepomis biomass 54.90 48.90 6.00 0.00
marzinatus proportion of total biomass 0.05 0.00 0.00 0.00 0.21 0.01 0.00 0.00 0.00 0.00 0.00
sample occurrence 2.00 1.00 1.00 0.00
proportion of samples 0.10 0.00 0.00 0.00 0.17 0.13 0.00 0.00 0.00 0.00 0.00
Lepomis biomass 12.80 12.80 0.00
nunctatus proportion of total biomass 0.01 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
sample occurrence 1.00 1.00 0.00
proportion of samples 0.05 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lepomis biomass 244.10 0.00 244.10 0.00
sulosus proportion of total biomass 0.23 0.00 0.00 0.00 0.00 0.49 0.00 0.00 0.00 0.00 0.00
sample occurrence 4.00 4.00 0.00
proportion of samples 0.19 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00
Micropterus biomass 24.50 3.00 21.50 0.00
salmoides proportion of total biomass 0.02 0.00 0.00 0.00 0.01 0.04 0.00 0.00 0.00 0.00 0.00
sample occurrence 2.00 1.00 1.00 0.00
proportion of samples 0.10 0.00 0.00 0.00 0.17 0.13 0.00 0.00 0.00 0.00 0.00
Elassoma biomass 3.20 3.20 0.00
everzladei proportion of total biomass 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
sample occurrence 1.00 1.00 0.00
proportion of samples 0.05 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
All biomass 586.20 29.60 15.80 42.30 148.50 350.00 2.50 2.50 0.00 0.00 0.00
Centrarchidae proportion of total biomass 0.56 0.64 0.13 0.32 0.63 0.70 0.02 0.40 0.00 0.00 0.00
sample occurrence 18.00 1.00 2.00 1.00 6.00 8.00 1.00 1.00
proportion of samples 0.86 1.00 0.50 0.50 1.00 1.00 0.06 1.00 0.00 0.00 0.00
Great Egrets Tricolored Herons
Colonies Colonies
all 1.67 FCN FCS Hidden TIE all TIE Alley N Hidden FCS
Fundulus Slh biomass 11.70 1.60 4.40 5.70 0.00
proportion of total biomass 0.01 0.00 0.01 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00
sample occurrence 3.00 1.00 1.00 1.00 0.00
proportion of samples 0.14 0.00 0.25 0.00 0.17 0.13 0.00 0.00 0.00 0.00 0.00
Fundulus biomass 0.00 0.00 11.90 11.90
seminolis proportion of total biomass 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.10 0.00
sample occurrence 0.00 7.00 7.00
proportion of samples 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.00 0.00 0.50 0.00
Fundulus biomass 8.10 8.10 48.05 48.05
chrvsotus proportion of total biomass 0.01 0.00 0.00 0.00 0.03 0.00 0.31 0.00 0.00 0.41 0.00
sample occurrence 1.00 1.00 0.00 7.00 7.00
proportion of samples 0.05 0.00 0.00 0.00 0.17 0.00 0.39 0.00 0.00 0.50 0.00
Fundulus biomass 23.50 2.00 15.00 6.50 1.40 1.10 0.30
confluentis proportion of total biomass 0.02 0.00 0.02 0.00 0.06 0.01 0.01 0.00 0.00 0.01 0.02
sample occurrence 4.00 2.00 1.00 1.00 3.00 2.00 1.00
proportion of samples 0.19 0.00 0.50 0.00 0.17 0.13 0.17 0.00 0.00 0.14 1.00
Bellenesox biomass 157.70 23.30 78.30 21.10 35.00 12.40 12.40
belizanus proportion of total biomass 0.15 0.00 0.19 0.58 0.09 0.07 0.08 0.00 0.00 0.11 0.00
sample occurrence 5.00 1.00 1.00 2.00 1.00 1.00 1.00
proportion of samples 0.24 0.00 0.25 0.50 0.33 0.13 0.06 0.00 0.00 0.07 0.00
Poecilia biomass 3.80 1.80 2.00 7.05 0.80 6.25
lattininna proportion of total biomass 0.00 0.00 0.02 0.00 0.01 0.00 0.05 0.00 0.08 0.05 0.00
sample occurrence 2.00 1.00 1.00 5.00 1.00 4.00
proportion of samples 0.10 0.00 0.25 0.00 0.17 0.00 0.28 0.00 1.00 0.29 0.00
Great Egrets Tricolored Herons
Colonies Colonies
all L67 FCN FCS Hidden TIE all TIE Alley N Hidden FCS
Gambusia biomass 0.50 0.50 0.00 33.15 3.00 7.65 4.80 17.70
holbrooki proportion of total biomass 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.48 0.78 0.04 0.93
sample occurrence 1.00 1.00 0.00 6.00 1.00 1.00 3.00 1.00
proportion of samples 0.05 0.00 0.25 0.00 0.00 0.00 0.33 1.00 1.00 0.21 1.00
Heterandria biomass 0.00 0.00 1.05 1.05
formosa proportion of total biomass 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.06
sample occurrence 0.00 1.00 1.00
proportion of samples 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 1.00
Jordanella biomass 13.05 9.35 0.50 1.00 2.20 2.40 0.80 0.60 1.00
floridae proportion of total biomass 0.01 0.00 0.08 0.00 0.00 0.00 0.02 0.13 0.06 0.01 0.00
sample occurrence 5.00 2.00 1.00 1.00 1.00 11.00 1.00 1.00 9.00
proportion of samples 0.24 0.00 0.50 0.50 0.17 0.13 0.61 1.00 1.00 0.64 0.00
Unidentified biomass 9.00 9.00 0.00
catfish proportion of total biomass 0.01 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00
sample occurrence 1.00 1.00 0.00
proportion of samples 0.05 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00
Unknown biomass 59.10 18.30 21.10 19.70 0.00
cichlid proportion of total biomass 0.06 0.00 0.15 0.00 0.09 0.04 0.00 0.00 0.00 0.00 0.00
sample occurrence 2.04 0.00 0.04 1.00 1.00 0.00
proportion of samples 0.10 0.00 0.01 0.00 0.17 0.13 0.00 0.00 0.00 0.00 0.00
Cichlasoma biomass 133.00 34.00 0.00 99.00 0.00
urophthalmus proportion of total biomass 0.13 0.00 0.28 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00
sample occurrence 3.00 1.00 2.00 0.00
proportion of samples 0.14 0.00 0.25 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00
Great Egrets Tricolored Herons
Colonies Colonies
all 1.67 FCN FCS Hidden TIE all TIE Alley N Hidden FCS
Cichlasoma biomass 10.00 5.00 5.00 0.00
bimaculatum proportion of total biomass 0.01 0.00 0.00 0.04 0.02 0.00 0.00 0.00 0.00 0.00 0.00
sample occurrence 2.00 1.00 1.00 0.00
proportion of samples 0.10 0.00 0.00 0.50 0.17 0.00 0.00 0.00 0.00 0.00 0.00
All biomass 175.90 0.00 26.10 5.00 26.10 118.70 0.00 0.00 0.00 0.00 0.00
Cichlidae proportion of total biomass 0.17 0.00 0.22 0.04 0.11 0.24 0.00 0.00 0.00 0.00 0.00
sample occurrence . 9.00 3.00 1.00 2.00 3.00 0.00 0.00
proportion of samples 0.43 0.00 0.75 0.50 0.33 0.38 0.00 0.00 0.00 0.00 0.00
All exotic biomass 333.60 0.00 49.40 83.30 47.20 153.70 12.40 0.00 0.00 12.40 0.00
fishes proportion of total biomass 0.32 0.00 0.41 0.62 0.20 0.31 0.08 0.00 0.00 0.11 0.00
sample occurrence 12.00 3.00 2.00 4.00 3.00 1.00 1.00
proportion of samples 0.57 0.00 0.75 1.00 0.67 0.38 0.06 0.00 0.00 0.07 0.00
Odonata biomass 0.10 0.10 0.00 0.70 0.70
adults proportion of total biomass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00
sample occurrence 1.00 1.00 1.00 1.00
proportion of samples 0.05 0.00 0.25 0.00 0.00 0.00 0.06 0.00 1.00 0.00 0.00
Crayfish biomass 2.00 2.00 0.00 0.00
proportion of total biomass 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
sample occurrence 3.00 2.00 1.00 0.00
proportion of samples 0.14 0.00 0.00 0.00 0.33 0.13 0.00 0.00 0.00 0.00 0.00
Paleomenetes biomass 0.10 0.10 0.00
naludosus proportion of total biomass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
sample occurrence 1.00 1.00 0.00
proportion of samples 0.05 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00 0.00
Great Egrets Tricolored Herons
Colonies Colonies
all 1.67 FCN FCS Hidden TIE all TIE Alley N Hidden FCS
Unidentified biomass 1.00 1.00 0.00
insect proportion of total biomass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00-
sample occurrence 1.00 1.00 0.00
proportion of samples 0.05 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.00 o.oo
Rana biomass 1.30 1.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
utricularia proportion of total biomass 0.00 0.00 0.01 0.00
sample occurrence 1.00 1.00 0.00
proportion of samples 0.05 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Appendix 4. Summary of foraging behavior of five species of long-legged wading birds in the central Everglades, with
comparable figures from other studies.
Length of Aggression/ Strikes or % no Captures/ % No Capture Joules
Observations minute probes/min strikes Minute Captures Success /minute
(seconds)
GE n 116 116 116 78.5 116 77.6 90 116
1993, this mean 534 0.01 0.3 0.7 0.5 2,702
study s.d. 444.9 0.01 6.09 4.25 0.40 1,121
GE n 48 48.0 48 48
1989, Lake mean 437 1.7 0.0 1.0 0.53
Okeechobee' s.d, 315.9 1.29 0.279
GE n 103 103 103 103
1990, Lake mean 826 0.92 0.0 0.7 0.6
Okeechobee' s.d. 533.1 1.29 0.25
GE n (858 min)
Tampa Bay2 mean 0.72 0.21 .140
GE n 48 48 48 48
New Jersey" Mean 1.5 1.6 0.97
s.d. 0.18 0.21 0.01
GE n 414
East Central mean 0.15 - 0.19
Georgia" s.d,
SE n 49 49 49 49 79.6 39 49
1993, this mean 308 0.01 1.7 83.0 0.4 0.3 1,205
study s.d. 277.5 0.005 2.15 0.52 0.38 4,050
Length of Aggression/ Strikes or % no Captures/ % No Capture Joules
Observations minute probes/min strikes Minute Captures Success /minute
(seconds)
SE n 76 76 0.0 76 76
1989, Lake mean 331 9.2 2.8 0.44
Okeechobee! s.d. 133.9 3.40 0.216
SE n 101 101 0.0 101 101
1990, Lake mean 495 5.8 1.8 0.50
Okeechobee! s.d. 302.8 1.38 0.248
SE 181 mins
Tampa Bay2 1.62 0.84 0.50
SE n 170 170 170 170
New Jersey' mean 3.4 1.9 0.6
s.d. 0.31 0.21 0.03
Little Egrets" 8 n.a. 0.6 - 9.0 1.5 - 6.6 0~H1K8 5,639
(Egretta garzetta)
TC n 4 4 4 100 4 100 4 4
1993, this mean 286 0.00 3.7 0.8 0.3 825
study s.d. 32.5 0.002 2.38 0.58 0.19 80
TC 698 mins 2.22 0.64 0.31
Tampa Bay2
TC n 20 20 20 20
New Jersey! mean 2.4 1.9 0.8
s.d. 0.53 0.42 0.05
WI n 18 18 18 100 18 100 18 18
this study mean 154 0.00 29.5 0.4 0.01 436
1993 s.d. 85.0 0.001 17.53 0.64 0.017 900
Length of Aggression/ Strikes or % no Captures/ % No Capture Joules
Observations minute probes/min strikes Minute Captures Success /minute
(seconds)
WI n 53 53 53 53
coastal South mean 4.0 0.4 - 0.5 1.8 - 2.0 0.25 - 0.33
Carolina 9 s.d. 0.0
WI n 39 39 39 39
coastal South mean 4.0 10.3 1.9 0.2
Carolina'? s.d. 0.0 3.20 0.90 0.25
WI n 97 97 97
coastal South mean 4.0 10.5 - 11.0 1.5 - 1.7
Carolina" s.d. 0.0
WS n 39 39 39 100 39 87.2 34 39
all, this mean 282 0.0 10.1 0.3 0.1 7,303
study 1993 s.d. 81.0 0.005 6.53 0.34 0.19 15,680
WS n 5 5
Hernando Co. mean 118.8 6.2
Florida'? s.d. 63.3 4.89
WS n 1,674
East-central mean 0.13 - 0.34
Georgia'S!" s.d.
WS, Juveniles n 9 9 9 100 9 66.7 6 9
only mean 243 0.0 6.4 0.2 0.2 1,131
This study s.d. 130.0 0.002 7.36 0.40 0.41 2,510
WS, Adults n 30 30 30 100 30 93.3 28 30
only mean 293 0.0 11.3 0.3 0.05 9,155
This study s.d. 57.8 0.005 5.95 0.33 0.10 17,460
-
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